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enrichmbit method for variant proteins wtth altered binding properties 

reLdoftheinvention 

5 This invention relates to the preparation and syslemalic selection of novel t)indlng proteins having 

altered binding properfies for a target motecute. Specrficaliy, Siis invention reiates to methods for producing 
foreign polypepfides mimicking the t)inding activity of naturally occurring binding partners. In preferred 
embodiments, the hvention is directed to the preparation of therapeulic or da^iosBc compounds that mimic 
proteins or nonpeptidyl molecules such a homiones. dnjgs and other smaD molecutes, particularty Uologlcally active 
10 molecules such as growth hormone. 

BACKGROUND OF THE INVENTION 

Binding partners are substances that specificaily bind to one another, usuaDy through noncovalent 
Interactions. Examples of bindng partners indude Ggand-receptor. antibody-antigen, drug*target, and enzyme- 
substrate interactions. Binding partners are extremely useful in botii therapeutic and diagnostic fields. 

15 Binding partners have been produced in the past by a variety of methods including; harvestingttiem 

from nature (e.g., antibody-antigen, and tiganckeceptor pairings) and by adventitious IdentificaGon (e.g. 
tradtionaidnig development emptoying random screening of candidate mol^^ In some distances these two 
approaches have been oomb^ For example, variants of prote^ or polypefriides, such as polypeptide 
fragments, have been made tfiat contah key functional residues that participate in bincfing. These polypeptide 

20 fra^ents, In turn, have been derivatized by methods akin to traditional dnjgdevdopm An^campleofsuch 
derivitization woukJ Mude strate^es such as cycSzation to oonformationally constrain a polypeptide fragment to 
produce a novel candkSate bincfing partner. 

The problem witii prior art methods is that naturaly occurring ligands may not have proper 
characteristics for all ttierapeutic applications. Additionally, polypeptide tigands may not even be available for 

25 some target substances. Furttienm)re, methods for making nonwturaOy occurring syntiiefic bind 

are often expensive and dMcult usually requiring complex synhetic me The 
inability to characterize ttte stmcture of the resulting candidate so ttiat rational drug design methods can be 
applied for further optimization of candUate molecules further hampers ttiese methods. 

h an attempt to oveicome these pmbtems. Geysen (Geysen. Immun. Tottey. 6 !36d^ [19a5|)! and 

30 (Geysen etaL, Moi. immun.. 23:709-715 [1986]) has proposed ti)e use of polypeptide synthesis to provkie a 
framework for systematic iterative binding partner identification and preparation. According to Geysen era/., 
lUd, short polypeptides, such as dipeptides, are first screened for ttie abifity to bind to a target molectde. The 
most active dpeptides are ttien selected for an additional round of testing comprising linking, to the starting 
dipeptide, an additional residue (or by internally modifying tt)e components of tiie original starting dipeptide) and 

35 then screening tiiis set of candidates for the desired activity. This process is reiterated until the binding partner 
having ttie desired properties is identified. 

The Geysen etal. mettiod suffers from the disadvantage ttiat tiie chemistry upon which it is based, 
peptide synthesis, produces molecules witii il-defined or variable secondary and tertiary structure. As rounds of 
iterative selection progress, random interactions accelerate among tite various subsfituent groups of ttie 

40 polypeptide so ttiat a true random popidation of interactive molecules having reproducible higher order structure 
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becomes less and (ess atta&iable. Fbr example, interacfionsbeNveen^thains of amtoac^ 
sequentially widely separated but which are spaliaDy neighbors, freely occur. Furthermore, sequences that do not 
facOttate confbrmationally stable secondary structures provide complex peptide-sfdechain fnteraclions which may 
prevent stdechain interactions of a given amino add with the target molecule. Such complex interactions are 
5 fadTitated by the flexibinty of the polyamide backbone of the polypepBde candidates. Additionally, candidates 
mav exist fti numerous conformations maldng it difficult to identfiy the confbrmer thallnteracts or binds to the 
target with greatest affinity or specificity compBcafing r^nal drug design, 

A final problem with the iterative polypepBde method of Geysen Is that, at present, there are no 
pracficat mettXKJs with which a great diverdty of different peptides can be produced, screened and analyzed. By 
1 0 using the twenty nalually occurring amino adds, the total luanber of ail combinations of hexapepSdes that must 
be synthesized is 64,000.000. Bren having prepared sudiatfversifyof peptides, there are no methods avm^ 
wifii which mbctures of such a drversfty of peptides can be rairidly screened to select those peptides ha^ring a high 
affini^ for the target molecule. At present, eadi 'adherenr peptide mustbe recovered m amounts large erwugh 

to cany out protein sequencing. 
15 TooveroomernanyoftheprDbiemsinh6r8ntintieGeysenapproach,U 

waschosenas an alternative. Biologkalsefections and screens are powerful fools to prebe protein f^^ 
isolate varfant (voteins witti desirable properfies (iShortle, Protein Enptneerina. Oxender and Fox, eds., AA Uss, 
Inc.. NY. pp. 103-10a[1988I> and Bowie ef at, aaaffia.2«7:1306-l310 (1990)1. However, agwen selection or 
screen 

is applicable to only one or a srnan number of related proteins. 

20 Recenty. dntth and coworkers (Smitt), jS(a^ 228: 1315-1317 [1985]) and Pannley and Smtth.fifiDS. 

73:3(6-^18 [1985] have demonstrated that small protein ftagments (1(^5& amino adds) can be "displayed" 
eflidentty on the surface of filamentous phage t^y liserling short gene fragmertis into gene III of tr» fd phage 
Cflision phage"). The gerie III minor coat protein (present fn about 5 co^tes at one end of the virion) is important 
for proper phage assembly and ft>r hfedion by attadvnentto the pili of Eooff (see Rasched ef a/. , t£CD2bifiL 

25 Bau 50: 401427 [1986D. Recently, "fusion phage' have been shown to be iBOfifl for cfis^ 

pepBde sequences for identic peptides that may react with antibodies (Scott ef a/. SclgDCg.249: 386^90, 
poon] j^nrt fiurfrta pf PmcL Mati. Acad. U.S.A 87: 6378-6382. f1990Bjor a foreign PTDtein (Devfin etaL 
Science. 249: 404^6 11990]). 

There are, however, several Important fimaatkins In using such fusion phage' to identify altered 

30 peptides or proteins wUh new or enhanced binding properties. Rrst, ft has been shown (Pannley etal., Qm. 73: 
305-318, [1988]) that fusion phage are useful only for displaying proteins of less than 100 and preferably less 
than 50 amino add residues, because large inserts presumably disrupt the function of gene HI and therefore phage 
assembly and infecb'vity. Second, prior art metfK>ds have been unable to select peptides from a library having the 
highest binding affinity for a target molecule. For example, after exhaustive panning of a random peptide library 

35 with an anfi-p endorphin monoclonal antibody. Cwiria and co-woricers could not separate moderate affinity 
peptides (Kd - 10 \M) from higher affinity peptides (Kd -0.4 jiM) fused to phage. Moreover, the parent p- 
endorpWn peptide sequence whidi has very high affinity (Kd - 7nM), was not panned from the efStope Obrary. 

Ladner WO 90A)2802 disdoses a method for selectir^ novel binding proteins (fisplayed on the outer 
surface of cells and viral partides where it is contemplated that the heterologous proteins may have up to 164 
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amino acid residues . The method oontemplates isolating and ampGfying the displayed proteins to en^neer a new 
family of binding proteins having desired afUnity for a target molecule. More specifically, Ladner discloses a 
fusion phage' displaying proteins having "initial protein binding domains' ranging from 46 resldjes (crambin) to 
164 residues (T4 lysozyme) fused to the M13 gene III coat protein. Ladner teaches the use of proteins 'no larger' 
5 than necessary' because it is easier to arrange restriction sites in smaller amino acid sequences and prefers the 56 
amino acid residue bovine pancreatic trypsin inhibitor (BPTI). Small fusion proteins, such as BPTI, are preferred 
when the target is a protein or macromolecule, whOe larger fusion proteins, such as T4 lysozyme, are preferred for 
smaD target molecules such as steroids because such large proteins have deftsmlgroovesintowMch small 
molecules can fit The preferred protein, BPTI, Is proposed to be fused to gene III at the ^tedisd 

10 fi/ a/, or dfl la Cruz eial^ J. Biol. Chem.. 263: 4318-4322 [19B81 or to one of the termWi. along with a secnnd 
synthetic copy of gene III so that 'some' unaltered gene III protein will be present Ladner does not address the 
problem of successfully parvting high affinity peptides from the random peptide livary which plagues the 
biologica] selection and screerung methods of the prior art 

Hiflnan growth hormone (hGH) participates in much of the regulatlmi of normal human growth and 

1 5 development TMs 22,000 dalton pituitary hormone exhibits a multitude ct biolo^ effects tnducfing linear 
growth (somatogenesis), lactation, adivation of macrophages, InsuDn-ake and diabetogenic effects among others 
(Chawla, R. K. (1983) Ann. Rav. Med. 34. 519; Edwards, C. K. et al. (1988) Scfencfl2a9. 769; Thomer, M. 0., et al. 
(I98fl> J. gin. Invest 81. 745). Growth hormone deficiency in didren leads to dwarfism vvHch has been 
successfufiy treated for more than a decade by exogenous administration of hCK hGH is a member of a family of 

20 honK>k)gou8homtones that include piaoentallacto^^ 

hormone (hficoll. C. ^ staL (BBS) Endocrine Reviews /. 169), hGH is unusu£ri among these in that It exhbits broad 
species spedfidty and binds to eilher the cloned somatogerric (Leung, D. W„ aL. n987) Nature 33Q. 537) or 
prolac^ receptor (Boutin, J. M.,et si, [1988] £g;^ 69). The doned gene for hGH has been expressed in a 
secreted fonn in £ai]aif^M (Chang, 

25 been reported (Qoeddel, etaL, [1979] Mm2&L 544; Gray, ef aL, [1985] fiemaa. 247). The three^imensional 
stnjcture of hGH is not available. However, the three-cimensional folcfing pattern for pordne growth hormor» 
(pGH) has been reported at moderate resolution and refinement (Abdel-Meguid, S. ef af., [1987] Proc. Natf. 
Acad. ScL USA 84. 6434). Human growth honnone's receptor and antibody epitopes have been identified by 
homolog-scanning mutagenesis (Cunningham etaL, Science 2i3l 1330, 1989). The structure of novel amino tenninal 

30 methionyl bovine growth hormone containing a spliced4n sequence of human growth hormone including histidne 18 
and histidine 21 has been shown (U.S. Patent 4,880,910) 

Human growth homione (hGH) causes a variety of physiological and metabolic effects In various animal 
models including linear bone growth, lactation, activation of macrophages, InsuIin-IDce and diabetogenic effects and 
others (R. K. Chawla efa/., Anna. Rev. Med, 34, 519 (1983); 0. G. P. Isalcsson ef a/., Arw. Rev, Physiol 47, 483 

35 (1985); C. K. Edwards e/a/., Stience 239. 769 (1988); M. 0. Thomer and M. L Vance, J. Qin. Invest 82, 745 
(1988); J. P. Hughes and H. G. Friesen, Ann. Rev. Physiol. 47, 469 (1985)). These biological effects derive from 
the interaction between hGH and specific cellular receptors.. 

Accordingly, It is an object of tNs invention to provide a rapid and effective method for the systematic 
preparation of candidate binding substances. 
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It is another object of thb inv«i6wi to prepare cancfidale Mndlng substances displayed on surface of a 
phagemid parfide that are conformalionaDy stable. 

It is another ol^ed of this invention to prepare candidate tending substances comprising fusion proteins 
of a phage coat prote&i and a heterologous polypeptide where the poIypepMe is greater than 1 00 amino adds In 
5 lengthandmaybemorelhanoneMmtandisdsplayedonaphagem^ 
tythephagemklgenome. 

It is a further otject of this invention to pro\rtde a method for the preparafion and selection of bind&ig 
substances that Is suffidently versalfle to present, or display, all pepHdyl moieties that could potentially 
parfidpate In a noncovaient b&xfing inleraclton. and to present these moieties fri a fashion that is sfericaBy 
1 0 confined. 

Sim another otjecl of the invention is the production of growth hormone variants that exhibit stronger 
affinity for growth homione receptor and binding protein. 

It is yet another otject of tWs invention to produce expression vector phagemids that contain a 
suivressUe teimtefion codon ftincSonaly located between tw heterologous polypepfide and the phage coat 

1 5 protein such that detectable fusion protein is produced a host suppressor ceD and only the heterologous 
polypeptide is produced in a non-suppressor host ceO. 

Rnal^Jt is an olje(^ of this invenlkOT to producaa phagemM 
copy (^candidate bindirq proteins on the outer Mface of the phagemid parfide so that effictent selection of high 
affiruty binding proteins can be achieved. 

ED These and othv otjeds of ttus Invention wiU be apparent from considerafion of the invention as a whole. 

SUIMUARYOFTHEINyBniON 
These (tfijectives have been aduevedtvprovidi^ 
comprising: (a) construcBng a repGcable expresston vector comprising a firet gene encoding a polypeptide, a 
secorvf gene encoding at leasta porfionof a njtoal orwikHype phage coat protein wrherein the first and second 

25 genes are hetOTlogous, and a transcr^jtfen rcgulatoiyelementoperabfy linked to the firstand second genes, 
theretiy forming a gene fusion encod&ig a fusion protein; (b) mutafing the vector at one or more selected positions 
within the first gene thereby fanning a family of related pfe^ suitable host cells with the 

plasmids; (d) infecfing the transfomned host cells with a helper phage having a gene encoding the phage coat 
protein; (e) culturing the transfonned Infected ho^ cells under condittons suitable for fonning recombinant 

30 phagemid partfcles containing at least a porfion of the plasmid and capable of transfonn&ig the host the 

condifions adjusted so that no more than a minor amount of phagemW particles display more than one copy of the 
fusion protein on the surface of the parfide; (f) contacting the phagemid partteles wth a target molecule so that 
at least a portion of the phagemB partides bind to the target molecule; and (g) separating the phagemid 
partides that bind from those that do not Preferably, the method further comprises transforming suitable host 

35 ceUs with recombinant phagemid partides that bind to the target molecule and repeating steps (d) through (g) 
one or more times. 

Additionally, the method for selecting novd binding proteins where the proteins are composed of more 
than one subunit is achieved by selecting novel bindir^ peptkles comprising constoicdng a replicable expression 
vector comprising a transcription regulatory element operably Gnked to DNA encoding a protein of interest 
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containing one or more subunils, vitfwein tte 

encoding at least a portion of a phage coal protein^nulating the DNA encoding the protein of interest at one or 
more selected positions thereby fonning a family of related vectors; transfbmiing suitable host cells with the 
vectors; Infecting the transformed host cells wilh a helper phage having a gene encoding the phage coat protein; 
5 culturing the transformed infected host cells under condiltons suitable for forming recomttnart phagemid 

particles containing at least a portion of the plasmid and capable of transforming the host, the conditions adjusted 
so that no more tten a minor amoum of phagemid particles dlspl^ 

surface of the parfide; contacting the phagemid particles with a target molecule so that at least a portion of the 
phagemid particles bind to the target molecule; and separafing the phagemid particles lhat bind from those that 
10 donot 

Preterabty in the method of this Invention the plasmid is under fight control of the transcripBcm 
regitelory element, and the culturing conditions are adjusted so that the amount or number of phagemid particles 
displaying more than one copy of the fusion protein on the surface of the p^ Also 
preferably, amoimt of phagemid particles cfisplaying more than one copy of the fusion protein b tess than 1 0% the 
1 5 amount of phagemid partides displaying a single copy of the fusion protein. Most prelerably the amount is tess 
than20%. 

Typically, \n the method of this inventioa the expression vector wiD further contetn a secretory signal 
sequences ftjsed to the DNA encodng each sUbunit of tapolypeptM and the transcri^tfon regulatory element 
wil be a promoter system. Preferred promoter systems are sheeted from; Lac Z,Xpi^ TACT 7 polymerase, 
20 tryptophan, and alkafine phosphatase promoters and combinatkm 

Ateofy;*ally, the fir^ gene wUI encode a mammalian protein, preferab^ the protein wai be select 
from; human grawlh hormone(MH), 14-m^ony! hionan growth honnone, bovine growth honnone, parathyroid 
honnone, myroxine, insulin A-<liain, insidn BkM^ 

glycoprotein homtones such as foOlcie stimulating honnon^FSH)» thyroid slimulating hormonefTSH), and 
25 leufinizing honnone(LH), glycoprotein hormone reoefrtors, caldtorin, glucagon, factor VIII, an anfibody, lung 
surfactant, urokinase, streptokinase, human tissue^ plasminogen activator (t-PA), bombedn, fador IX, 
Ihrombin, hemopdetto growth factor, tumor necrosis fador-dpha and -bete, enkephalinase, human serum albumin, 
mullerian-inhibiling substance, mouse gonadotropin-assodated pepfide. a microbial protein, such as 
betelactemase, tissue factor protein, inNbin, adivin, vascular endothelial growth fador, receptors for honnones 
30 or growth fadors; Integrin, ihrombopoietin, protein A or D. rheumatoW factors, newe growth factors such as 
NGF-p, platelet-growth fador. transfonning growth factors (TGF) such as TGF-aipha and TGF-bete, insulin- 
like growth factor-l and -II, insulin-nke growth fador binding proteins , CIM, DNase, latency assodated peptide, 
erythropoietin, osteoinductive factors, interferons such as interferon-alpha, -bete, and -gamma, cotony 
stimulating factors (GSFs) such as M-CSF, GM-CSF, and G-CSF, interleukins (ILs) such as IL-1, lL-2. lL-3, IL- 
35 4, superoxide dismutase; decay accelerating factor, viral antigen, HIV envelope proteins such as GP120. GP140, 
atrial natriuretk; peptkles A, B or C, immunoglobulins, and fragments of any of the above-listed proteins. 

Prelerably the first gene will encode a potypepfide of one or more subunits containing more than about 
100 amino add residues and will be folded to tonn a plurality of rigid secondary stroctures dsplaying a plurality 
of amino adds capable of Interacting with the target Preferably the first gene wlD be muteted at codons 
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corresponding to onfy the amino acids capable of interacting with the target so that the iitegrfty of the rigid 
secondary structures w'H be presented. 

Normally, the method of thb invention vmD employ a helper phage selected from; IM13K07. M13R408, 
M13-VCS, and Phi X 174. The preferred helper phage is M13K07, and the preferred coat protein Is the M13 
5 Phage gene ill coat protein. The preferred host is £ cotl and protease deficient strains of £ col Novel hGH 
vanants selected by the method of the present invention have been detected, Phagemid expression vectors were 
constructed that contain a suppressible termtnation oodon functtonally located between the nucleic acids encoding 
the polypeptide and the phage coat protein. 

BRIEFDESCRIPnONOFlHEHGURES 

1 0 RGURE 1. Strategy for (fisplaying targe proteins on the surface of filamentous phage and enriching for 

altered receptor bindnng properties. A piasmid, phGH-M13gnr was constructed that fuses the entire coding 
sequence of hGH to the carboxyi terminal domain of M13 gene III. Transcription of the fusion protein is under 
oontroi of the lac promoterybperator sequence, and secretion is directed the stil signal sequence. Phagemid 
particles are produced infection with the "helper* phage. M13K07. and particles displaying hGH can be 

15 enriched by biiidlng to an affim'ty matrix containing the hGH r^ The wild-type gene III (derived from the 
M13K07 phage) is dia^amed by 4-5 cofxes of the multiple anows on the tip of the phage, and the fusion protein 
(derived from the phagemid, phGH-M13gni) Mcated schematteaify by the foldng diagram of hGH replacing 
tt)e arrow head. 

RGURE Z ImmunobbtofwholephageparfidesshowsttiathGHcomigrates^ PhagemU 

2Q partides purified in a cesoim chloride ^ent were loaded into dtqslicate wetis and electrophoresed through a 1% 
agarose gel In 375 mM Trie, 40 mM glycine pH 9.6 buffer. The gel was soaked in transfer buffer (25 mM Tr^ pH 
83, 200 mM gly^, 20% metiianol) oontairting 2% SDS and 2% p-mercaploeBianol for 2 hours, then rinsed in 
transfer buffer for 6 hours. The protete in the gel wm then electrobbtted onto immobilon membranes 
ifmpom). TTiemembranecontain&igones^ofsampleswasstainedwIttiCooma^ 

25 the phage proteins (A). The dupQcate membrane was immuno-tiained for hGH by reacting ttie membrane w^^ 
polyclonal rabbit anfi-hGH antibodes followed by reaction witti horseradish peroxUase corrugated goat anti- 
rabbit IgQ antibodies (B). Lane 1 contains ttie M13K07 parent phage and is visible only in the Goomassie blue 
stained membrane, since it lacks hGH. Lanes 2 and 3 contain separate preparations of 0)e hormone phagemid 
particles which is visible both by Coomassieand hGH immuno-stainoig. The difference in migration distance 

30 between tiie parent M13K07 phage and honnone phagemid partk^les reflects the different size genomes ttiat are 
packaged witiiin (8.7 kb vs. 5.1 kb. respectively). 

RGURE 3. Summary diagram of steps in the selection process for an hGH-phage library randomized at 
codons 172. 174, 176. and 178. The template moiecules. pH0415, containing a unkjue Kpnl restriction site and the 
hGH(R178G,l179T) gene was mutagenized as described in the text and electrotransfonned into £ coli strain 

35 WJM101 to obtain the initial phagemid fibrary, Library 1. An alkjuot (approximately 2%) from Ubrary 1 was used 
direcBy in an initial setection round as descrt)ed in the text to yield Ubrary IG. Meanwhile, double-stranded DNA 
(dsDNA) was prepared from Library I, digested with restriction enzyme Kpil to etiminate template background, 
and electrotransfonned into WJM101 to yield Library 2. Subsequent rounds of selection (or Kpnl digestion, 
shaded boxes) followed by phagemid propagation were carried out as indicated by tiie arrows, according to tite 
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proceditfe described in the text Four indeperxlemdones from Library 4G^ and four independent denes from 
Ubrary 56^ were sequenced by dideoxysequendng. All of these clones had the identical DMA sequence* 
corresponding to the hGhl mutant (Glu 174 Ser, Phe 176 Tyr). 

RGURE 4. Sfructural model of hGH derived from a 2.8 A folding diagram of pordne ^wth hormone 
5 determined crystallographically. Location of residues in hGH that strongly modidate its binding to the hGH- 
bindng protein are within the shaded drde. Alartine substitutions that cause a greater than tenfold 
reduction!*), a tour- to tenfold reduction (•), or increase (O), or a two- to fourfold reduction (•)» in binding 
affinity are incficated. Helical wheel projections in the regions of a-helix reveal their ampKpathic quaEty. 
Bladtened, shaded, or nonshadedresklues are charged, polar, or nonpolar.respecfi^ lnheltx-4themost 

1 0 important residues for mutation are on the hydrophnic face. 

FIGURES. Aminoaddsubstitutionsalpodtions172J74,176and178ofhGH(Thenotallon, 
KSYR, denotes hGH mutant 172K/174S/176Y/178R.) found after sequendng a number of dones from rounds 1 
and 3 of the selection process for the pathways fncScated (hGH etulion; Glydne ehJtion; or Qtydne elution after 
pre-adsorptton). Non-functtonal sequences (U. vector background, or other prematurely terminated and/or 

15 frame-sHfted mutants) are shown as "NP. Fux:tional sequences whtoh contained a non^nt,spurioismutatfo 
fLe. outside the set of target residues) are marked with a V. Proten sequences which appeared more than once 
among aD the sequenced dones, but with difterem DIM sec^iences, are mark^ Protein sequences 

whk:h appeared more than once ainong the sequenced dones and with the sam 
htota that aRer three rounds of selecttoa 2 dSferemoontamtre 

20 not correspond to cassette mutants, but fo previously consfructed hormone p^ The pS0643 contaminant 
corresponds to wild-type hGH^diage (hGH 'KEFR*). The pH0457 contaminar^ wtftl) dominates the third- 
round glydne-selected pool of phage, corresponds to a pre\ftOu$ly idenGfied mutant of hGH, KSYR.' The 
ampOlteatkm of these contaminants emphasizes the abilBy (tf the hormone-phage seledion process to select for 
rarely oocuning mutants. The convergence of sequences is also striking in aUttvee pathways: R or Ko^^ 

25 oftenatpositions172and17B;YorFoccursmostoftBnatpositton176;andS,T,A,art 
positfon 174. 

RGURE & Seqi^noes from phage selected on hPRLtv)4)eads In the presence of zina The notation Is 
as described in Figure. 5. Here» the convergence of sequences is not predictable, but there appears to be a bias 
towards hydrophobic sequences under the most stringent (Glydne) selection oondtions; L ,W and P residues are 
3 0 frequently found in this pool. 

RGURE 7. Sequences from phage selected on hPRLbp-beads in the absence of zinc. The notation is as 
described in Rgure 5. In contrast to the sequences of Figure. 6, these sequences appear more hydrophilic. After 
4 rounds of setectfon using hGH etutfon, two cfones (ANKQ, and TLDT/171 V) dominate the pool. 

RGURE & Sequences from phage selected on blank beads. The notation is as described in Rg. 5. After 
35 three rounds of selecttonwith glycta elutton, no siblings were obsen/ed and a background level of non-functional 
sequences remained. 

RGURE 9. Constmction of phagemid fi ori from pH0415. This vector for cassette mutagenesis and 
expression of the hGH^ene 111 fusion protein was constructed as folfows. Ptasmid pS0643 was consfructed by 
ol^onudeotkle-directed mutagenesis of pS0132, which contains pBR322 and f1 origins of repltcation and 
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expresses an hGHflsne in liBlon protein (hGH residues 1-191. fon^ 

ofgeneBOunder«B(»nlrofoftfie£MlltoAPn»n<>ter- Mutagenesis was carried out wittimeoTigonucleotide 
5'-6GC-AGC-TGT^aGC-T]2i[flJLAGT-GGC-GGC-GGC-TCT-GQT-3*, which introduced a Xbalsile 
(underlined) and an amlwr stop codon (TAG) following Phe-191 of hGH. 
5 RGUREia A. Dia^ of plasmidpOH188ireertconfakiingt» DMA encoding the figM chain and 

heavy chah (ranabfe and conslanldoma&i 1) of the Fab hunanized arttibody directed to the HER-2 receptw. Vl 
andVHarethevar&bleiB^n8lbrftelightandheavychains,respecljvBt|r. Ck is 8ie constant region of the tiunan 
kappa Eghtchain, CHIqi isthe first constant region of the human ganunalchah. Both coding regions start with 
ttiebacteriai St Bdgnal sequence. B. AscheraaBcdiagtamoftteentlreplasroapDHlBBaMitairtngthBinsert 
10 described "nSA. Alter transfonnalfen of the plasmW into Ecoff SRI 01 cells and the addition of helper phage. 
Ihe piasnrid is packaged Mo phage parlkdes. Some of these partk:ies display the FatrP 1 1> fiiaon (where p ill is 
the pratelh encoded t)y the M13 gene llf D^IA). The segments In the plasma figure cot^ 

inSA. 

FlGUREllAltnughCar»collee8v8iyi8fenedtohenasFlgurell. Thenucleolide(Seq.lDNo.25) 
15 sequenoeoflheDriAenoo<fr5lhe4D5Fabn»leculeexpressedonlhBphagemidsut6eftTheamlro 

of the l^cha&i is also shown (Seq. ID No. 26). as is theanytn add sequence of the heavy chdnp 01 ft»Qn (Seq. ID 
No. 27). 

HGURE12. Enrichment of wikHype4D5 Fab phaOBXiMfnm variant Fab phagemkL Mixtures of wfld- 
type phagemid and variam 4D5 Fab phagemU in a ratio of 1 rl .000 were selected on platen 

20 celh^ domain protein of the HERr2 receptor. Alter each round of selection, a pordon of the elutedphagemhl 
were infected irdoEcoffandpiasmidDNA was prepared. This plasmidDNAwas then digested wilhEwRV and 
msepaiatedona5%po^acrylamidege(,andste&iedwiiheli)idiumbromk^ The bands were visualized uxisr 
UVfi^ The bands due to Ihe wDd^ype and variamplasmUs are iKvkedwiih arrows; Thefbstrotnlof 
selecfionwaselutedonlyundera(Mconditions;8ubsequentretnd8wereelutedwilhe«^^ (teft 

25 side of Rgure) or wiVi a humaitlzed 405 anfibody wash step prior to acid elution (right side of Figure) using 
methods described in ExampteVllL Three variant 405 Fab nufsculeswereinade: H91A (amino add hisBcSne at 
posilion 91 on the Vl chain mutatedtoaiarA»;in(ficatedasWlanes in Rgure), Y49A (amino add,^^^ 
posifion 49 on the Vl chafri mutated to alanine; incficated as V lanes In the Figure), and Y92A (amino add tyrosine 
atposifion92ontheVLChainmutetedtoalartine;indicatedas'C?lanesintheFigure). Amino add posffion 

30 numbering is acconfing to Kabat et aL.(Seqijmcos tapnteie ofimmmriog^ Meiest, 4«i ed., U.S. Dept of 
Healttvand Human Services. Public Health Service. Nan Insfitute of Health. Bethesda, li^D [1987]). 

FIGURE 13. The Scatchard analysis of the RIA affinity detennination described in Experimental 
Protocols is shown here. The amount of labeled ECO anfigen that is bound is shown on the x-axis while the amount 
that is bound divided by the amount that is free Is shownon the y-axis. The stope of the line indicates the Ka; the 

35 calculated Kd is l/Ka- 
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DETAILED DESCRIPnON OFTHE MVENnON 

The IbDowing discussion wOl be best understood by referring to Figure 1 . In its simplest form, the 
method of the instant invention comprises a method for selecting novel binding polypeptides, such as protein 
ligands, having a desired, usually high, affinity for a target molecule from a library of structurally related t»n(fing 
5 polypeptides. The library of structurally related polypeptides, fused to a phage coat protein, is prodiced by 
mutagenesis and, preferaUyt a single copy of each related polypeptide is displayed on the surface of a phagemid 
particle containing DMA encoding that polypeptide. These phagemid particles are then contacted with a target 
molecule and those particles having the highest affinity for the target are separated from those of lower affinity. 
The high affinity binders are then ampfified by hfecHon of a ba^rial host and the competitive binding step is 
1 0 repealed. This process is reiterated untO polypeptides of the desired affinity are obtained. 

The novd binding polypeptides or iigands produced the method of this inven^^ as 
(fiagnostics or therapeutics (eg. agonists (U' antagonists) used in treatment of biolospcat organisms. Structural 
andysis of the selected polypeptides may also be to fadState rati^ 

By 1)inding polypepfide' as used herein Is meant any polypeptide that binds with a selectable affirtity to 
15 a target moleade. Pretorabfy the polypepBde will be a proton that mo^ preferably oont^ 

100 amino acid residues. Typically the polypeptide wOl be a honnone or an antibody or a fragment thereof. 

By '^tigh affinity" as used herein is meant an affinity constant (Kd)of <10'S M and preferably <10'7m 
under physiological oondifions. 

By target molecule' as used herein is ineam any molecub, not neoessa^ 
20 desiraUe to produce a ligand. Preferably, howev^, the target wOl be a protein and most preferabty 
be a receptor, such as a honnone receptor. 

By "tnirianized anfibody" as used he rein js meam an anbl^ 
r^ons(CDRs)ofamouseorothernon4unanantibodyarBgrafted Byhuman 
antibody framework is meam tie entire human arffibody exdu^ 

25 L CholBBgtPtfvpeptBesfcrPW 

The first step in the method of this invention is to choose a polypepfide having rigid secondary 
stnjcture exposed to the surface of the polypeptide for display on the surface of a phage. 

By "polypeptide' as used herein is meant any molecule whose expressbn can be directed by a specific 
DNA sequence. TT)e polypeptides of this invention may comprise more than one subunit, where each subunit 
30 encoded by a separate DNA sequence. 

By 'rigid secondary structure' as used herein is meant any polypeptide segment exhibiting a regular 
repeated structure such as is found in; a-helices, 3io helices, 7c-he!ices, parallel and anfiparallel p-sheets, and 
reverse turns. Certain 'non-ordered* structures that lack recognizable geometric order are also included in the 
defirtition of ri£^d secondary structure provided they fomt a domain or *patch' of amino add residues capable of 
35 interaction with a target and that the overall shape of the stnjcture is not destroyed by replacement of an amino 
add within the stmcture . It is believed that some non-ordered structures are combinations of reverse turns. The 
geometry of these rigid secondary stnjctures is weO defined by and y torsional angles about the a-carbons of 
the peptide 1)acKbone'. 
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The iBquirement that the secondary structure be exposed to the surface of the polypeptide is to 
provide a domafn or "patch* of am&io acU residues that can be exposed to and bM with a target molecule, it is 
primanly tfiese amino add residues that are replaced by mutagenesis that form the library of structurally 
related (mutani) binding polypeptides that are displayed on the surface of the phage and from which novel 
5 polypepfide ligands are selected. Mutagenesis or replacement of amino acid residues cSrected toward the interior 
of tha polypeptide is generally avoided so that the overall structiffe of the rigid secondary structure is presenred. 
Some replacement of amino acids on the Interior region of the rigid secondary stnjctures, especially with 
hydrophc^ amfrx) acid residues, may be tolerated since these consenalive substitutions are urtfikely to distort 
the overall staicture of the polypeptide. 

1 0 Repeated cydes of "po^ptide' selection are used to select for h^her and higher dSMtf binding by 

tfiephagemidsele(A)nofmd^2ffninoaddchangeswlichare% Fblknwiga 
fffst round of phagemid selection, involving a first re^on or selection of amino adds in the figand polypepfide, 
additional rounds of phagemid seiecGon otter regions or amino adds of the Dgand polypepfide are conduced. 
The cydes of phagemid selection are repeated untiT the desrred afTffiity properties of ttie tigand polypeptide are 

1 5 adveved. To iOustrate Ms process, Example VIII phagemid selection of hGH was conduded in cydes. In the first 
cydehGHarriino acUs 172; 174, 176 and 178 were nuitated and ^ in a second cyde hGH amino 

acfcfe 167, 171, ire and 179 were phagemid selected In athM cyde hGH amino adds 10, 14. ISand 21 were 
phagmklserected. Optimum amino add changesfrom a previous cyde maybe incorporaM 
before ttie next cyde of sefecHon. For example. hGH amiro addssiibstbi&on 174 (serhe) and 176 (tyrosine) 

20 weretorporatedMoth&hGHbefbrethepha^ldselecBwiofhGHaminoad^ l^andin. 
From ttie forgoing it wiD be appredatedttiat the ainino add residues ttiatfomt the 
tiie polypepfide wat not be sequentially Brdced and rimy rodde on diffe Thatts, 
the bhdng domah trades wBh the particular secondary stmcture at the b'nding sBe and not tt)e primary 
stnicture. Thus, generallyi mutafions wilt be Produced Mo codons encoding amino acids within a particular 

25 secondary stmcture at sites (f reded away from the interior of ttie pdypeptide so mat they w1 have the 

potentiaT to interact with the target By way of illustration, Hgiae 2 shows ttie \oca&on of residues m hGH that 
are loxwn to strongly modulate its binding to ttie hGH^incfing protein (Cunningham ef a/., St^&DCg 247:1461- 
1465 [1990D. Thus representative sites su^e for mutagenesis would indude residues 172, 174, 176, and 178 
on her»c4, as vvell as resdue 64 located in a ^lon^rdered" secondary struck 

3 0 There is no requirement that ttie polypeptide chosen as a Rgand to a target normally bind to ttiat target 

Thus, for example, a glycoprotein honnone such as TSH can be chosen as a Ogand tor ttie FSH receptor and a 
library of mutant TSH molecules are employed in ttie mettiod of ttiis invention to produce novel dnjg candidates. 

This invention ttius contemplates any polypepfide ttiat binds to a target molecule, and indudes 
antibodies. Prefened polypeptides are ttiose ttiat have phannaceutical utility. More preferred polypeptides 

35 include; a growtti honnone. induding human growtti honnone, des^ettiionyl human growtti honnone, and bovine 
growtti honnone; paraSiyroid honnonerttiyroid stimulating honnone; ttiyroxine; insulin A-chaja* insulin B-chain; 
proinsuTin; foflide sBmulafing honnone; caldtonn; leufinizing honnone; glucagon; factor VIII; an antibody; lung 
surbctant; a plasminogen activator, such as urokinase or human tissue-type plasminogen activator (t-PA); 
bombesin; bctor IX. thromt»n; hemopoietic growtti factor; tumor necrosis bctor-alpha and -beta; enkephalinase; a 
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serum albumin such as human serum altximin; mUleriarvWibiting substance; relaxin A-chah; r8la)dn B^hain; 
prorelaxin; moi^ gonadotropin-assoclated peptide; a microbial protein, such as betaiactamase; tissue factor 
protein; inhibin; adivin; vascular endothelial growth facton receptors tor hormones or growth factors; inte^; 
thrombopoietin; protein A or D; rheimiatoid factors; nerve growth factor such as NGF-P; plateletKlerived growth 
5 factor; fibroblast growth factor such as aFGF and bFGF; epidennal growth factor; transfonning growth factor 
(TGF) such as TGF-alpha and TGF-beta; Insulin-lflce growth factor-l and -tl; insuSn^ike growth factor binding 
proteins; CD-4; DNase; latency associated peptide; erythropcrietin; osteoinductive factors; an Interferon such as 
interfemn^pha, -beta, and -gamma; colony sGmulating factors (CSFs), e.g., M-CSF, GM-CSF, and Q-CSF; 
interleiMns (ILs), e.g., 0.-1, IL-2. tL-3, lU, etc; superoxide (fismutase; decay accelerating factor, atrial 

1 0 natriuretic peptides A, B or C; viral antigen such as, for example, a porfion of the HIV envelope; immunoglobulins; 
and fragmettts of any of the above-Gsted polypeptides. In addition, one or more predetennined amino add 
residues on the polypeptide may be substituted, inserted, or deleted, for example, to produce products with 
Improved tftA)^ properties. Further, fra^ents of these polypeptides, espedaBy biologicaily active 
fragments, are included. Yet more preferred polypeptides of this invention are human ^owth honnone , and 

1 5 atrial naturetic pepBdes A,' B, and C, endotoxin, subtiOsin, trypsin and other serine proteases. 
Stil more preferred are polypeptide hormones that can be defined as a^ 
In a first ceO that binds spedficany to a receptor on the same oeO type (autoc^ hormones) or a second ceH type 
(non-autocrine) and cai»s a physiobgical response characteifstic Among such 

polypeptide hormones are cytolc^ lymphoKines, neurotrophto hormones and adenohypophyseal polypeptide 

2 0 homiones such as growh hormone, prolactin, placental lactogen, luteinizing honnone, fbliicle-sBmulating hormone, 
thyrotropin, chortonto gonadotropin, corttootropin, a or p^anocyte-sGmulating honnone, p-l^tropin, 
lipotropin and the endorphins; hypoSialmic release-htAiting hormones such as cortiootropin-release factor, 
growlh honnone release4nhibiting hom)one, growth homione-^^ 
as atrial natriuretic peptides A, B or C. 

25 L Q6mngiFM68r»(6m8l)encptflngthBd^ 

The gene enoocfingttw desired polypeptide (i.e.. a polypei^wi^ a rigid secondary stmcture) can be 
obtained bv methods known in the art fsee OBnerallv. Sambroolc ef a/. . Molecular Bioloqv! A l^ratory Manual 
Cold Spring Harbor Press, Cold Spring Harbor. New York [1989]). If the sequence of the gene is known, the 
DNA encoding the gene may be chemk^lty synthesized (MenHekf, J- Am. Chem. Soc. .. 85 2149 [1963]). If the 

30 sequence of the gene Is not known, or if the gene has not prevtously been Isotat^^ 

library (made from RN A obtained from a suitable tissue In which the desired gene is expressed) or from a suitable 
genomic DNA library. The gene is then Isolated using an appropriate probe. For cDNA libraries, suitable probes 
include monodonal or potydonal antibodies (provided that the cDNA library is an expression library), 
oligonucleotides, and complementary or homologous cONAs or fragments thereof. The probes that may be used to 

35 isolate the gene of Interest from genomic DNA libraries tndude cDNAs or fragments thereof that encode the same 
or a similar gene, homologous genomic DNAs or DNA fragments, and oligonucleotides. Screening the cDNA or 
genomic library with the selected probe is conducted using standard procedures as described h chapters 10-12 
ofSambrookefa/.,stjpra. 
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An altsmafive means to {solating the gene encodng the protein of interest is to use polymerase chain 
reaction methock>k)gy (PCR) as described fn section 14 of Sambrook efaL, supm, THs method reqiwes the use 
of oligonucleotides that wili hybndize to the gene of irtterest; Stus, at least some of the DNA sequence for this 
gene must ba known n order to gene/ate the oligonucleotides. 
5 After the gene has been isolated, it may be inserted into a suitable vector (preferably a piasmid) for 

ampGfkadba as described generaly in Sambrook efalL. supra 
UL ConjmurtnffHBPncabteBar^^ 

VVhile several types of vectors are available and may be used to p^ 
arethe prefenedvectorsforuse hereia asthey may be constnjcted 
10 amplilied. PfasmidvectorsgeneraliyGontainavarietyof components including promofisrs, signal sequenceSr 
phmtypic selection genes^origlnof replicatk)n sites, and othernecessary components as are known to those of 
ordinary skUl in the ait 

Promoters most commonly used in prokaryofic vectors include the lac Z promoter system, the alkaline 
pho^atase jzhll A promoter, the bacteriophage XPL promoter (a temperature sensitive promoter), the lac 

1 5 promoter (a hybrid iatM promoter that is regidated by the laa repressor), the tryptophan promoter, and the 
baderiophage T7 promoter. Fbr general descriptens of promoters, see sectkm 17 of Sambrook et aL supra . 
WhOe these are Ae most commonly used promoters, other suBaUe mbotrial promoters may be used as wefl. 

Prefened promote fbr pracBdng this inventnn are those that can be ftghtty regulated such that 
expres^n of Bie belbn gene can be controDed. It Is believed that the problem that went iHvecognized in the 

20 pribrartwasthatdispl£vofmultiplecopteofthefijsfonprotebionthesurb 

mult^iht attachment of tfie phagemld vnth the target It is beReved Ns eff^ referred to as the 'chelate 
effecT, results h selecBcm of fabe "high affini^ polypeptUes when mult^le copies of the fusion polein are 
displayedonthephagemidpartij!deinctoseproximitytooneanotoso^ Whea 
mulfipoint ai&chment occurs, the effective or apparent Kd may be as high as the product of the indivklual Kds 

25 foreachoopyoftttedisplayedfusionproteln. This effect m^ be the reascmCwiria and coworicerssipa were 
unable to separate moderate affinity peptides from ftigher affinity peptides. 

It has been cfiscovered that by t^htfy regulating expresskm of the fusk>n protein so that no more than a 
minor amount, i.e. fewer than about 1%, of the phagemld partides contain multiple copies of the fusion protein the 
^chelate effecT is overcome altowing proper selec&on of high aflini^ pdypeptkles. Thus, depending on Vie 

30 promoter, oilturing conditions of the host are adjusted to maximize the number of phagemid partides containing a 
single copy of the fusion protein and minimize the number of phagemkJ partkdes containing multiple copies of the 
fusion protein. 

Preferred promoters i^d to practice this invention are the lac Z promoter and the J2bg A promoter. 
The lac Z promoter is regulated by the lac repressor protein lac i, and thus transcriptton of the ftjsion gene can be 
35 controlled by manipulation of the level of the lac repressor protein. By way o! Qlustratton. the phagemid contairnng 
the lac Z promotor is grown in a cefl strain that contains a copy of the lac i repressor gene, a repressor for the 
lacZpromotor. Exemplary cell strains containing the lacr gene induteJMIOIandXtl-blue. bithealtemative. 
the host ceO can be cotransfected with a plasmid containing both the repressor lac i and the lac Z promotor. 
Occastonally both of the above technk]ues are used simultaneously, that Is, phagmide partxdes containing the lac Z 
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promoter are grown in cell strains containing the Jac i gene and the eel strains are cotransfected with a ptasmid 
contair^ both the lac Z and lac i genes. Normally when one wishes to express a gene, to the transfected host 
at)ove one mM add an inducer such as isopropylthiogalacto^ (IPTG). In the present invention however, this 
step is omitted to (a) minimize the expression of the gene III fusion protein thereby minimizing the copy number 
5 (i.e. the number of gene III fusions per phagemid number) and to (b) prevent poor or improper packaging of the 
phagemid caused by inducers such as IPTG even at low concentrations Typically, when no inducer is added, the 
number of fusion proteins per phagemid particle is about 0.1 (number of hdic fusion proteins/humber of phagemid 
particles). The most preferred promoter used to practice this invention isQbg A. This promoter is beteved to be 
regiMed by the level of inorganic phosphate in the cell where the phosphate 

ID thepromot^. Thus,tyydepletingcellsof phosphate, the activity of the proinoter can be incre^^ Thede^d 
result is achieved by growing cells in a phosphate enriched medium such ^ 
expression of the gene III fidon. 

One other useful component of vectors (^d to practice tNs invention is a sig^ Thissequence 
is typically located imme(fiatety 5* to the gene encodng the fu^n proteia 

15 term^s of the fusion protein. Howeverjn certain cases, the signal sequence has been demonstrated to be lo^ 
at positions other 5* to the gene encocSng the protein to be secreted. This se^jence targets the protein to which 
it Is attached across the inner membrane of t)e bacterial celL The DMA enooc&ig the signal sequence may be 
obteined as a restricfion endonudease fragmem from any gene encoding a prote^ ^ 
Suitable prolcaryotic signal sequences may be obtained from genes encoding, for example, LamB or OmpF (Wong 

20 efaL,jkO& 68:193 [1983]), MalE,PhoA and other genes. A preferred prolcaryotic signal sequence for practidng 
this invention is the E ooff heat-stabte enterotoxin II (STII) s^ 
55:189(1087]. 

Another useful component Of the vectors used to practice tKs invenS^ 
Typical phenotypic setodion genes are those encoding proteins tat confer antibiotic resistance upon the host cell. 
25 By way of illustratton, the ampictllin resistance gene (aiDfi)* and the tetracycline resistance gene (tst) are readily 
employed for this purpose. 

Constai^on of suRaUe vectors comprising the aforementioned componente as well as the gene encoding 
the desired polypeptide (gene 1) anB prepared using standard recombinant DNA procedures as described in 
Sambroolc etaL &jpra. Isolated DNA fragments to be combined to forni the vector are cleaved, tailored^ and 
30 ligated together in a specific order and orientation to generate ttie desired vector. 

The DNA is cleaved using the appropriate restriction enzyme or enzymes in a sulteble buffer. In general, 
about 0.2-1 ug of plasmid or DNA fragments is used with about 1-2 units of the appropriate restriction enzyme 
in about 20 ^1 of buffer solution. Appropriate buffers, DNA concentrations, and incubation times and 
temperatures are specified by the manufacturers of the restriction enzymes. Generally, incubation times of about 
35 one or two hours at STC are adequate, although several enzymes require higher temperatures. After incubation, 
the enzymes and other contaminante are removed by extraction of the digestion solution with a mixture of phenol 
and chloroform, and the DNA is recovered from the aqueous fraction by precipitation wth ethanol. 

To ligate the DNA fragments together to form a functiondl vector, the ends of the DNA fragments 
must be compatible wiih each other. In some cases, the ends wOl be directly compatible after endonuclease 
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dJgesfioru However.ttmaybenecessarytofrslconvertthesfick^ 

digestion to blunt ends to make them compatiWe for Ugalton. To Wunl the ends, the DNA is treated (n a suitable 
buffer for at least 15 minutes at irc with 10 units of of the Wenow fragment of DNA polymerase I (Klenow) in 
the presence of the four deoxynudeotide triphosphafes. The DNA is then purified by phenol-cWorofomi 

5 extraction and ethanol precipitation. 

The deaved DriA fragments may be sire-separated and selects 
DNArn^beeledrophoresedthrougheittieranagaroseorapolyaci^ The sefecfcn of ttie matrix 

wD depend on the size of the DNA fragments to be separated. After eJectrophoresis, the DNA is extracted from 
the matrix by electroetotion, or, if tow-meKng agarose has ta^ 
1 0 exlracfing the DNA from it, as descnljed in secfions 6.30^33 of Sambroolc et aL, supra. 

The DNA fragments thai are to be ligated together (previously digested with the appropriate 
restrMon en^riies such that the ends of each fragmert to be Dgafed are co^^ 
equimolaramounls- The sotufcnwfll also conteinATPJgase buffer and a Sgase such as T4 DNA 
10 units perOJ jigof DNA. If the DNA fragment is to be ligated into a vector, the vector is at firslllnearized by 
15 cutOngvnth the appropriate restricfionendonudease(s). The iinearized vector is then treated wittialkaBne 
phosphatase or calf intesfinal phosphatase. The phosphatasing prevents self-Ogatton of the vector during the 
ligation step. 

After Ogalton, the vector wlh the foreign gene now Inserted is transfonned into a suitable host ceO. 
Prokaryotes are me preferred hoMoeOs for HsInvenBon. SidaUe prokaryotic host cells include Ecofi strain 
20 JMlOn £ COS K12 strain 294 {ATCC number 31.446), £ cof s&aln W3110 (ATCC number 27.325), £ coS 
X177a(ATCC number 31,537), Eotf XL-IBlue (stralagene), and £ coff B; however many other strains of £ 
coB, such as HB101,N^B22,N^fi38.N^B39, and marv other specfes and g^ 

weB. In aMBon to tfm g fpff 'rtm^'^ «^ nacSihts subhTts. other enterobacteriaceae such as 

Salmonella twDKmurium of fiflriate mamesansL and various Pseudomonas specfes may al be used as hosts. 

25 Tranrfbrmafionofproicaryoficcellslsrcadilyacoompnshedieingthe^^^ 

descra)edinsec6on1J2ofSambrookefar.. stfva. AlternaSvely,el9ceroporation(Neumami 
1 5i1 [1982]) may be used to transfom^ these cells. The transfonned cells are selected by growth on an 
antibiotic, commonly tetracycline (tet) or ampidOin (amp), to which they are rendered resistant due to the 
presence of tet and^or am p resistance genes on the vector. 

30 After selecfion of the transfonned cells, these cells are grown in culture and tte plasmid DNA (or other 

vectorwith the foreigngene Inserted) Is then isolated. Plasmid DNA can be isolated using methods Icnown in the 
art Tvro suitable methods are the small scale preparation of DNA and the large-scafe preparation of DNA as 
descnljed in sections 125-1 33 of Sambroolc ef at. supra. The isolated DNA can be purified by methods Icnown in 
the art such as that described in section 1.40 of Sambrook e/a/.. «/pra. This purified plasmid DNA is then 

35 analyzed by restriction mapping and/or DNA sequencing. DNA sequencing is generaOy performed by either the 
methodofMessingefa/. Mi^^pin Adds Res.. 9309 119811 orbv the method of Maxam e/a/. Melh, SlzymoL 65: 
499 [1980]. 
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TTus invention oontemplatBS ftis'ng tho gene enclosing the desired polypeptide (gene 1) to a second gene 
(gene 2) such that a fusion protein is generated during transcrlplion. Gene 2 is typically a coat protein gene of a 
phage, and preferably it is the phage M13 gene III coat protein, or a fragment thereof. Fusion of genes 1 and 2 may 
5 t)eaooompiished by inserting gene 2 into a particular site on a plasmidtM 
into a particular site on a plasmid that contains gene 2. 

Insertion of a gene M a plasmid requires that the plasmid be cut at the precte is 
to be inserted. Thus, tfiere mi^t be a restrfcAm endonudease site at this location (preferably a unique site such 
that the plasmid will only be cut at a single location during restriction endonu^ Theplasmidis 

10 (fige5ted,phosphatased, and purified as described above. The gene is then inserted into this inearized plasmid by 
ligating the two DNAs together. Ugafion can be accomplished if the ends of the plasmid are compatible with the 
ends of the gene to be inserted. H the restriction enzymes are used to cut the plasmid and isolate the gene to be 
inserted create Umt ends or compatible sticky ends, the DNAs can be Dgated together directly using a tigase 
such as bacteriophage T4 DNA Ggase and incubating the mixture at 16*C for 14 hou^ 

15 and ligase buffer as descrS)ed in section 1.68 of Sambrookefa/MSUI^ If the ends are not compatible, they must 
first be made blunt by using the Nenow fragment of DMA polperase I or bacteriophage T4 DMA polymerase, 
both of wttich require the four deoxyifbonudeotide triphosphates to fiU-in overhanghg single-stranded ends of 
ihedgestedDNA. Alternatively, the ends rnay be blunted using a nuclease such as nuclei 
nudease, both of which functk»n by cutting back the overhanging singtest^^ TheDNAisthen 

20 religated using a Ggase as described above. In some cases, B may not be possible to blunt the ends of ttie gene to 
be inserted, as ttie readng frame of the cocSng re^ will be altered. To overcome this problem, oSgonudeofide 
linkers may be used. The Onkers serve as a brxige to connect die plasmkS to the gene to be inserted. Theselkikers 
can be made syntheticaDy as double stranded or single stranded DNA using standard The linkers have 

one end ttial is oompatibte vidUi ttie ends of tiie gene to be inserted; lirri^ 

25 ligation mettiods described above. The other end of the Dnkers is designed to be pompafiblevrithtiieplasmki for 
ligation. In designing the Ifrikers, care must be taken to not destroy ttie reading frame of the gene to be inserted 
or the reading frame of the gene contained on the plasmil In some cases, it may be necessary to design tt)e Dnkers 
such that they code for part of an amino ackJ, or such that they code for one or more amino adds. 
Between gene 1 and gene 2, ONA encocfing a termination oodon may be inserted, suc^ 

30 are UAG( amber), UAA (ocher) and UGA (opel). (Microbtotogy, Davis et al. Harper & Row, New Yoric, 1980, 

pages 237, 245-47 and 274). The terminatton codon expressed in a wiM type host cell results in the synttiesis of 
tiie gene 1 protein product wittiout the gene 2 protein attached. However, growth in a suppressor host cell 
results In the syntiiesis of detectable quantities of fused protein. Such suppressor host cells contain a tRNA 
modified to insert an amino add in the tenninatk)n codon positton of tiie mRNA tiiereby resulting in production of 

35 detectibte amounte of the fusion protein. Such suppressor host ceOs are well known and described, such as E.coli 
suppressor strain (Bulk)ck et aL, BioTechniques 5, 376^79 [1987]). Any accepteble method may be used to 
place such a tennination codon into Vie mRNA encoding tt)e fu^on polypeptide. 

The suppress!!^ codon may be ^rted between the first gene encoding a polypeptide, and a second 
gene encoding at least a portion of a phage coat potein. Aftematively, the suppressible termination codon may be 
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fnserted adjacent to ffie fusion sAe by replacing the last amino acid tn'piet in the polypeptide or the first amino 
acid In the phage coat proteia When the phagemid contat^ 

host cell, it results in the detectable producfion of a bston polypeptide contahing the polypep&de and the coat 
protein. When the phagemid is grown in a non-suppressor host cell, the polypeptide is synthesized substantially 
5 without fu^on to the phage coat protein due to tennination at the inserted suppnessible triplet encoding UAG, 
UAA^orUGA. in ttie non-suppressor cell the polypeptide is synthesized arxJ secret 
absence of ttie fused phage coat protebr which othenrisa anchored it to the host celL 
V. AHeraflonfmutatlQnYQfGenftl at Selected PosWons 

Gene 1 , encoding he desired polypepfide, may be altered at one or rnore selM 
10 is defined as a substitut»a deletion, or insertion of one or more codons tn the gene encoding the po^ptide that 
restdls h a change in the amino add sequence of the polypepBde as compared with the unaltered or nafive 
sequence of the same polypeptide. Preferably, the alterations win be by substitution of at least one amino add 
wth any other mlna add h one or more regions of tie molecule. The alterations may be produced be a variety of 
methods known in the art These metho(teMude but are not ftmited to oGgonudeofide^ecfia^ 
15 cassette mutagenesis. 

A. OnaoniideQtMfrMedlated Mfciftaenesls 

Ongonudeotide -metfiated mutagenea's Is prefened method for preparing substitution, deletion, and 

inserSon variants of gene 1 . This technique is weO known in the art as described by Zbler et al. Nudeic Adds Res. 

IQ: 64876504 [1987}. Briefly, giene 1 is altered by hybridzing an oOgonudeotide encocSng the de^red mutatkin 
20 to a DNA template, wher^ the template is the single-branded fonn of the plasmkl containing me unaltered or 

nafive DNA sequence of gml. After hybridizatkm, a DMA polymerase is used to synthesiza an entire se^ 

complementary sfirand of flie template wiB thus Incorporate the oligonud^tkie primer, and wiD code for the 

selected aiteratton &t gene 1. 

Generally, oiigonudeotkiesofat least 25 nudeofides h length are u AnopfimaloEgonudeofidewiB 
25 have 12 to 15 roideofides that are completely complementary to the template on either sidoof to nudeotkle(s) 

coding fbrthe mutation. TKs ensures that the oGgonudeotlde will hybricSze pnoperiyto the single-stranded DMA 

template mdecule. The oDgonudeofides are readily synthesized udngtedm^^ 

descn-bed by Crea eta!. Proc. Nan. Acad. Sci. USA. 75: 5765 (19781. 

The ONA template can only be generated by those vedors that are either derived from bacteriophage 
30 M13 vectors (the commerda&y available M13mp18 and Mt3mpl9 vedors are suitable}, or those vectors that 

contain a single-stranded phage origin of replication as descn'bed by Viera ef a/. Meth. ErrzvmoL 153: 3 [1987]. 

Thus, the DNA that is to be mutated must be inserted into one of these vectors \n order to generate singte- 

stranded template. Production of the single-stranded template is described in sections 4.214.41 of Sambrook 

el a!., supra, 

35 To alter the native DNA sequence, the oligonudeolide is hybridized to the single stranded template 

under siAable hybridization conditions. A DNA polymerizing enzyme, usually the Klenow fragment of DNA 
polymerase I, is then added to synthesize the comfdementary strand of the tem[date using the ongonudeotide as a 
primer for syntl^sis. A heteroduplex molecule is thus fomted such that one strand of DNA encodes the mutated 
fbrni of gene 1 , and the other strand (the originzd template) encodes the native, unaltered sequence of gene 1 . 
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This heterockvlex nu)iecule is then transformed into a suitable host cell tisuaOy a prolcaryote such as £ CM* 
JM101. After growing the cells, they are plated onto agarose plates and screened using the oBgonucleotide primer 
radiolat)elled with 32-Phosphate to identify the bacterial colonies that contain the mutated DNA. 

The method described immediately above may be modified such that a homoduplex molecule is created 
5 wherein both strands of the plasmid contain the mutalion(s). The modificalions are as follows: The single- 
stranded oligonucleotide is annealed to the single-sanded template as described above. A mixture of three 
deoxyribonudeotides, deoxyriboadenosine (dATP), deoxyriboguanosine (dQTP), and deoxyribothymidine (dTTP). 
is combined with a modified thio^xyribocytDSine called dCTP«(aS) (wMch can be obtained from Amersham). 
This mixture is added to the templateoDgonudeotide complex. Upon addifion of DNA polymerase to this nuxture, 

10 a strand of DNA identical to the template except for the mutated bases is generated. In adcSlion, this new strand 
of DNA win contain dCTP*(aS) instead of dCTP, wNch serves to protect it from restrictfon endonudease 
digestion. After the template strand of the double-stranded heterodiq)lex is nicked with an appropriate 
restrUion enzyme, the template strand can be digested \Mth Exolll ni^lease or anoth^ appropriate nuclease past 
the region that contains the site(s) to be mutagenlzed. The reaction Is then stopped to leave a molecule that is 

1 5 only partialty single-stranded. A complete double-stranded DNA homoduplex is then formed using DNA 

polymerase in the presence of all four deoxyribonudeotide triphosphates, ATP. and DNA ligase. This homocbptex 
molecule can then be transfcmned into a suitable host ceflsuc^ JM101,asdescribedabove. 

Mutants with rm>re tan one amino add to be subsfituted may be genera Ifthe 
amino adds are bcated ctose together ^ the polypeptide chain, they m^ 

20 oBgonudeotUe that codes for aD of the desired amino add substitute If, however, the amino adds are located 
some distance from each other (separated bf more than about ten amino adds). It is more difficult to generate a 
single dlgonudeotide that encodes aD of the desired changes. Instead, one of two tftomativeme»K)ds may be 
emptoyed. 

In the first method, a separate ofigonudeotide is generated for each amino The 
25 oligonudeotides are then annealed to the single-stranded template DNA simuttaneously, and the second strand of 
DNA that is synthesized from the template will encode an of the desired aminos Thealtemative 
method involves two or more rounds of mutegeneste to produce the desired mutant The first round is as 
described for the single mutants: wild-type DNA is used for the template, an oligonudeotide encoding the first 
desired amino add subsfitution(8) is annealed to this template, and the heteroduplex DNA molecule is then 
30 generated The second round of mutegenesis utilizes the mutated DNA produced in the first round of 

mutagenesis as the template. Thus, tt^s template already contains one or more mutations. The oligonucleotide 
encocfing the additional desired amino acid substitution(s) is then annealed to this template, and the resulting 
strand of DNA now encodes mutations from both the first and second rounds of mutagenesis. This resultant DNA 
can be used as a template in a third round of mutagenesis, and so on. 
35 B. Cassette Hmagenesis 

This method is also a preferred method for preparing substitution, detetion, and insertfon variante of 
gene T. The method is based on that described by Wels etal. Qsnsi, 34:31 5 [1985].. The starting material is the 
plasmid (or other vector) compisir^ gene 1 , the gene to be muteted. The codon(s) in gene 1 to be mutated are 
identified. There must be a unique restrictfon endonudease site on each side of the identified mutation site(s). If 
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no such restrfctton stes exist, they may be generated the above^scrit)ed oligonucleotide^ecfiated 
mutagenesis method to introduce 8iem at appropriate locations in gene 1. After the restriction sites have been 
lntrD(£jced into the plasmid, the ptasmid is cut at these sites A double-stranded oiigonucieotide 

encodTig the sequence of the DNA between the restricb'on sites but containing the desired mutation(s) is 
5 synthesized using standard procedures. The two strands are synthesized separately and then hybridize 
together using standard techniques. This double-stranded oBgonudeotide \s refened to as the cassette. This 
cassette is deigned to have 3^ and 5* ends that are compatible with the ends of tie linearized plasmid, such that it 
can bedirectty iigalecl to the piasmU This plasmid now contains the mutated DNA sequence of gene 1. 
VL QhfatntnriDNAenMrlhigthededredwt^ 

10 in an alternative embodiment, tMs invenfion contempiatBS proctotion of variants of a desired protein 

containing oneormoresubixdts. Each stturitis typical encoded by separate gene. Each gene enoocing each 
subunit can be obtaM by methods known in the art (see, for example, Se^ In some instances, dmaybe 
necessary to obtain the gene enco(firig the various suburfls using separate techniques selec^d from any of the 
methods described in Se^n IL 

1 5 When con^njcEng a repGcable expression vector where the prot^ of interest contmns more ttian one 

subunit, aD subunite can be regulated by the same pronroter, typicaily located 5' to the DNA encoding the subunits, 
or each may be regulated by separate promoter sufiably oriented in the vector so that 
talked to the DNA itis intended toregtdate. SelecSon of promoters is canied out as described in Section ill 
ahoveL 

20 In conslrudng a repBcaUe expresskm vector containing DNA encoding the protein of interest having 

muifipie subunite, the reader is referred to Figure lOwhere, by way of iilustratton, a vector is diagrammed 
showing DNA enoodirigea(Asubunitof an ant3)0^ TOs figure stiows that, generally, one of Ihe 

subunteofttBproteb of hterestwiD be fiisedtoa phage coat protein such as This gene fuskm 

generally vdlconteiniteowa^gnal sequence. Aseparate gene encodes tfie other subunftorsuburAs, and ft is 

25 apparentthateachsuburAgenerallyhasBsown^gnai sequence. Figure 10 also shows that a sh{^ promoter can 
regulate the expression of both suburAs. Aiternathely, each subunit may be independently regulated by a 
different promoter. The protein of interest subunit-phage coat prota'n fuston constnict can be made as 
described in Section IV above. 

When constnjcting a famSy of variante of the desired multt-subunit protein, DNA encoding each subunit 

30 inthevectorrnaymutatedmoneormorepositnnsineachsubuniL When muBi-subunitantibody variante are 
constructed, preferred sites of mutegenesis correspond to codons encoding amino add reskJues located in the 
complementarity-detenntn7)g regions (CDR) of either the light chain, the heavy chain, or both chains. The CDRs 
are commonly refened to as the hypervariable regions. Methocte for mutagenizing DNA encoding each subunit of 
the protein of interest are conducted essentially as described in Sectk)n V above. 

35 

VIL PreparinoaTfl fytMQlecirfeandBlndira^wflhPhaqa^ 

Target proteins, such as receptors, may be isolated from natural sources or prepared by recombinant 
methods by procedures known in the art Byway of iltustration, glycoprotein homione receptors may be prepared 
by the technique described by McFariand e/al, SsiSDSS. 245:494^99 (1989), nonglyoosylated fonns expressed 
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in £ 000 are described by Fuh et aL J. BioL Chem 265:311 1^1 15 [1990] Other receptors can be prepared by 
standard methods. 

The purified target protein may be attached to a suitabte matrix such as agarose beads, acrylamide 
beads, glass beads, cellulose, various acrylic copolymers, hydroxylallcyl methacrylate gels, potyacrylic and 
5 polpethacrylic copolymers, nylon, neutral and iortic carriers, and the Eke. Attachment of the target protein to the 
matrix may be accomplished by methods described in Methods in Engymoiogy . 44 [1976], or by other means known 
in the art 

After attachment of the target protein to the matrix, the Immobilized target is contacted witfi the 
library of phagemid particles under conditions suitable for binding of at least a portton of the phagemid particles 
10 with the immobilized target ^to^naily, the conditkms, including pH, kmic strength, temperature and the like will 
mimk: phystotogkat ooncfitx)ns. 

Bound phagemki partkles fbinders*) having high affinity for the Immobilized target are separated 
from those having a low affinity (and thus do not bind to the target) by washing. Binders may be dissociated 
from the immoUlized target by a variety of methods. These methods include compebtive dssociafion using the 
1 5 wtkt-type iigand, altering pH and/or ionic strength, and methods known in the art 

Suitable host ceDs are ^ected with the binders and helper phage, and the host cells are cultured under 
oonditkms suitable for amplificatton of the phagemid particles. The phagemU particles are then collected arti the 
selection process is repeated one or more times unta binders having the desired affinity for the target molecule 
are selected. 

20 OplionaBy the library of phagemki particles may be sequentially oonta^ 

Immobilized target to improve selectM^ for a parOodar terget For example, ft is often the case that a Iigand 
such as hGH has more than one natural receptor. In the case of hGH, both the growth hormone receptor and the 
prolactin receptor bind the hGHBgand. ttmaybedeslrabbtoimprovetheselectivilyofhGHforthegp^ 
honnone receptor over the prolactin receptee. ThscanbeacMevedbyfirstcontactingtheia)raryofphagemkl 

25 particles with immobiBzed prolactin receptor, eluting those with a low affinity (i.6. lower than wild type hGH) for 
the prolactin receptor and then contecting the tow afHnity prolactin "binders' or non^nders with the 
immobilized growth hormone receptor, and selecting for high affinity growth honnone receptor binders. In this 
case an hGH mutant having a tower affinity for the prolactin receptor would have therapeutic utility even if the 
affinity for the gowth hormone receptor were somewhat tower than that of wiU type hGH. This same strategy 

30 may be employed to improve selectivity of a parttoutar hormone or protein for ite primary fi^on receptor over 
its clearance receptor. 

In another embodiment of tNs inventtoa an improved substrate amino acki sec^ence can be obtained. 
These may be useful for making better 'cut sites' for protein linkers, or for better protease 
substrates/inhibitors. In this embodiment, an immobilizable molecule (e.g. hGH-receptor, biotin-avidin, or one 
35 capable of covalent linkage with a matrix) is fused to gene 111 through a linker. The Snker will preferably be from 3 
to 10 amino adds In length and wOl act as a substrate for a protease. A phagemid will be constructed as described 
above where the DMA encoding the linker region is randomly muteted to produce a randomized library of phagemid 
particles with (Afferent amino acU sequences at the linking site. The library cf phagemid particles are then 
immobilized on a matrix and exposed to a desired protease. Phagemid particles having preferred or better 
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substrate amfrx) add sequences rn the Bh^ 

enriched pool of phagemid parfides encoding preferred Inkers. These phagemid partides are then cyded several 
more times to produce an enriched pool of parades enoodmg consense sequence(s) (see examples XIII and XiV). 

5 ^fcngtf ggn^ft^f^u hae hoon evprftfififlri fri a Secreted fomi in Escherlcha cola (Ghana, C. N>> etal.. 

[1987] fisQa£L189) and its DNA and amino add sequence has been reported (Goeddel, etal. [i979]Ms&2SL 
544; Gray ef at. [19851 fianaaa 247). The present invention describes novel hGH variants produced using the 
phagonkJ selection methods. Himtan growth hormone variants conta^ substitutions at po^^ 10, 14» 18, 21. 
167. 171. 172. 174, 175, 176, 178 and 179 have been 6&aarbe± Those having higher binding affinities are 

1 0 described in Tables VII, XIII and XIV. The amino add nomendatire for describing the variants is shownbekw. 
aowthhomwne variants may be administered and formulate The 
growth homtone var^ of the present invenBon may be expressed in any recombinant syM which is capable of 
expresstrq native or met hGH. 

Therapeutic fonnutat^ of hGH for therapeutic administration are prepared for storage by mixing 

1 5 hGH having the desired degree of purity with optionar physiologicaDy acceptable carriers, exc^ents, or 

stidAizers (Remington's Phannangiificgl Sdences. 16th edtion. Osol, A, Ed., (1980).. in the fbrni of lyophilzed 
cake or aqueous solutions. Acceptable carriers, exc'^ents or stablizers are nontoidc to reciple^ 
and concentratkms emptoyed, and indude buffers sudi as phosphate, dliate, and other organic adds; antioxkiants 
Inducfing ascorbic add; kiwmoleculvweis^ (less than aboU lOred^ 

20 albumHgdafi^ or immunogtobOOns; hydros 

g^temine, asparagine. arg'mine, or lysine; monosaccharides, disaccharides, and other carbohydrates induding 
gluoosa, inannose. or dextrbis; dielaSng agente suA as ED^^^ 

sugar alcohols sudi as mannilDi or sort)itol; sal^fbrming oounterions such as sodim ; and/br nomonic surfactants 
sucha5Tween,Pluronicsorpolyet!ylene gfyod(Pffi^^ Fomnilatnns of 8ie present invention may addifiorally 

25 conteinapharrnaceuticairyacceptebla buffer, amino add, b(^ These Mude. 

for example, buffers, cheiafing agents, anSoxidants, presen/atives, cosolvents, and the Oke; specific examples of 
these could Indude, trimethyfamaine salts (Tris buffer^, and disodium edetate. The phagemids of fte present 
invention may be used to produce quantities of the hGH variants free of the phage proteia To express hGH 
variants free of the gene III portion of the fusion, pS0643 and derivatives can simply be grown in a non- 

30 suppressor strain such as 16C9. In this case, the amber coddn (TAG) leads to tennination of translatfon, which 
yiekJs free homtone, without the need for an independent DNA conslnjction. The hGH variant is secreted from the 
host and may be isolated from the culture medium. 

Oneor more of the eight hGH amino adds F10. M14. H18. H21, R167, D171,T175 and 1179 may be reped 
by any amino add other than the one found in that posilwn in naturally occuning hGH as indicated. Therefore. 1 , 2, 

35 3,4.5,6,7,oraB8oftheindkatedaminoadds,F10.M14,H18,H21,R167,D171.T1^^^ 

by any of the other 19 amino adds out of the 20 amino adds Osted befow. m a prefened embodiment, all eight 
listed amino adds are replaced by another amino add. The most preferred eight amino adds to be substituted are 
indkated in Table XiVin Example XIL 
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AnninoBCid nuiwddbn. 
Ala (A) 
Arg (R) 

5 Asn (N) 

Asp (D) 
C^(C) 
Gin(Q) 
Glu(E) 

10 Giy(G) 

His (H) 
Bell) 
Uu (L) 

Lys(K) 

15 Met(M) 

Phe{F) 
Pro (P) 
Ser (S) 
Thr(T) 

20 Trp (W) 

Tyr(Y) 
Val(V) 

The one letter hGH vaiant nomenclature first gives Ihe hGH amino add 
the amino acid inserted; for example, serine; resullftig in (E1795S). 

25 

EXAMPLES 

Wilhotit further description, it is believed that one of onJinary sidll in the art can, using the preceding 
description and illustrative examples, make and utilize the present invention to the fullest extent. The following 
wotting examples therefore spedficaily point out preferred embodiments of the present invention, and are not to 
30 be construed as iimit&ig in any way of the remainder of Ihecfisdosure. 

EXAMPLE I 

Ptasmid Constructions and Preparation of hGH-phagemid Particles 
The plasmid phGH-Ml3gin (Fig. 1), was constmcted from M13K077 and the hGH producing plasmid, 
pB0473 (Cunningham, B. C, etal. , Sdfim 243:1330-1336, [1989]). A synthetic origonudeotide 5'-AGC- 
35 TGT-GGG-TTC-fififi:£££-TTA-GCA-TTT-AAT-GC6-GTA-3' was used to introduce a unique Apa] 

restriction site (underlined) into pB0473 after the final Phe191 codon of hGH. The oligonucleotide 5'-TTG- 
ac;a.aac^aa.gqg.ccc.cta.att-aaa.gcc.asa^' was used to introduce a unique Apa\ restriction site 
(underlined), and a Glul 97-to-amber stop codon (bold lettering) into M13K07 gene III. The oiigonucleotide 5'- 
CAA-TAA-TAA-CGG-fi£I:£fi£-CAA-AAG-AAC-TGG-3' introduces a unique NhB\ site (underiined) after the 
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3- end otihe gene Ul coding sequence. The resulting 650 base pair (bp) Apal-Wtelfragmert from the doubly 
mutated M13K07gene ni was cloned into the large ^l-Aff»l Iragmem of pB0473 to create the plasmid. 
pS0132. TWs fuses lf» carboxyl tennlnus of hGH (Phe191) to the Pro198 residue of the gene III protein with ihe 
Insertion of a glycine residue encoded from the Apal site and places the fusion protein under control of the £ coli 
S al]alinephosptetase{pf»A)promoterandstllsecrellonslgnal8equenee(a^ fim 55:189-196, 

[1987D. Fbr inducible expression of the ftision protein In rich meda, we replaoed the phok promoter wift tfw be 
promoter and operator. A 138 bp EcoRI-Xtal fragment containing the lac promoter, operator, and Cap binding 
silewasproducedbyPCR of plasmid pXll9usinglheoligonucleotides S"- 

CACQACAfiAm£CCQACTGGAAA-3* and S'-CTGTT ICIAJ3AQTOAAAnGnA.3' that flank the desired 
10 lacsecjiencesandintroducetheEcoHlandXbafrestifclionsilesiunderiined). Thte^ 

and ligated Wo the large a»RI-M>al fragment of pSOl32 to creaie the plasmid, phGH4*l3gllL The sequences 
ofaUtaOotedDIMluncfionswere verified by thedkleoxysequenceffleihod<Sanger,F..ef^ Ptoc . Naif . tod. 
Rei. U S A. 745463-5467. f1977D. The R64A variant hGH phagemid was constructed as follows: iheN^l^glll 
mutated frapent of hGH (Cunninghamflf a/, supa ) encoding the Arg64 to Ala substilution (R64A) 
1 5 (Cunningham, B. 0, WeOs. J. f^^Ma. 244:1081-1085. (1989» was doned botween the corresponding 
reslricSon sitos in the phGH4*13glll plasmid (Rg. 1) to replace the wiltHype UGH sequence. Tfie R64A hGH 
phagemid parlicies vrare propagated and Stored as described below tor the wfld4ype hGHi>hagemkL 

Plasriudsweretiansfbnnedtotoamatoslrainof£oaff(JM10l}andselectedoncarbenicilb^ A 
single fransfaraiant was grown In 2 inl m medium far 4 h al 37t; and infected with 50 of M131<D^ 
20 phage. The Wected culture v»asdili^ Wo 30 ml 2Yr, grown oveinighl, and phagemid particle 

by predpitogon wah polyeftylene glycol (Vierra. J.. Messing. J. MBltfflfS In ErKYmolQflY. 1533-11, 11987]). 
Typicalphagemid parfidetaBre ranged from 2to5xlO"cluftnL Tbeparfides were purified to homogene^r by 
CsCI density eentrifUgalion (Day. LA. JJiflLflflU 39265-277, [1969D to remove any fusion protein not 

attoched to virions. 
25 EXAMPLE B 

i iiiU BClien tal AnalysBsrflCTcnteRBfan Phage 
Rabbit polyclonal antibodies to hGH were purified with proteai A, and coated onto microtiter plates 
(Nunc) at a concentration of 2 ng/ml in 50 mM sodium carbonate buffer (pH 10) at 4'C for 16-20 hours. After 
washing in PBS conteMng 0.05% IVieen 20, hGH or hOH-phagendd parfides were serially diluted from 20 - 
30 0J)02 nM in buffer A (50 mM Tris (pH 7S). 50 mM NaQ, 2 mM EDTA, 5 mgftnl bovine senjm albumin, and 0.05% 
Tween 20). After 2 hoiffs at room temperature (rt), the plates vrere washed vreB and the indicated Mab 
(Cunninghamef af. supra ) was added at 1 \iglm\ in buller A for 2 hours at rL Following washing, horseradish 
peroxidase conjugated goat anii-mouse IgG antibody was bound at rt tor 1 hour. After a final wash, the 
peroxidase activity was assayed with the substrate, ofhenyfenediamine. 
35 EXAMPLE n 

CniiUngoflhehGHBbKlngPntelnttPoiyaciylairfde BeadsandBlndino Entchmenls 
Oxirane polyacrylamlde beads (Sgma) were corrugated to the purified extraceDuiar domain of the hGH 
receptor (hGHbp)(Fuh,G,ef at, J- Biol. Chem.. 2653ll1-ai15t1990Dcontainingan extra cysteine residue 
Introduced by siteKfirected mulagene^s at posifion 237 ihat does not affect binding of hGH (J. Weils, 
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unpublished). ThehGHbpwaswiugatedasrecommerKledbythefiup^^^ 

oxiranebead.a8meaai«dbyblncin90fl125ilhGHtotherBSin. SuboquenBy. any unmactedoxirane groups «re 

blocked with BSA and m AS a control for non-spedlic binding of phagemid particles. BSA was simOarly 

coupledtothebeads. Buffer for adsorption and ^ashingconlainediom^ 
5 Naa lmgftnlBSA.and0.02%Tween20. Elution buffers contained wash buffer plus 200 nMhGH or 0.2 M 

glycine (pH 2.1). Parental phage M13I<D7 was mixed with h6H phagem^ 

(original mixture) and tumbled for 8.l2hwitha5Mlai«jiot (0.2 r.« Of a«^ 

50 MJ volume at room temperature. The beads were peBeled by centri^^^ 

removed The beads were lesuspended in 200 pi wash buffer and tumbled al room te^^ 
10 (washi). Afierasecondwash(wash2).thebead8wereelutedt«towllh200nMhGHfor6.10ta^ 

(eluatel eluale2). The final elutton was with a fllydne buffer (pH 2.1) for 4 hours to remove remaining hGH 

phagemid particles (eluate 3). Each fraction was diluted appropdately in 2YT media, mixed with fresh JMf 01 . 

Incubated aisrcforsminutes, and plated withsml of 2YT soft agar on LB or LB cartw^ 

EXAMPLE iV 

15 coiBtrucitonoIhGHiJhaoenidPailWeswIft^ 

The gene 111 protein is composed of4l0rBSidue8 divided into two domains that are separated 

ltexibleinkersequenc8(Am.stn«o.J.«at. mifiJL 135:167-172. [1981]). The amino*m.inal domain is 
required for attachmem to Ihe pm of £ COS. white the cartxwyWeiininal 

requlmdforproperphageassembly (Crissman. J. SmIft Q. P.. IfflBlMO. 132:445-455.119841). Theslgnal 
20 sequenceandamtno^efittoldomainolgenelllwasr^^ 

apra) byfu8ton»re8iduel98lnthecaiboxyHenrtnaldomalnofgenelll{ing.l). ThehGH^enelllfustenwas 

placed under control of thetepromotef/bperatorinapla8mid(phGH.M^ 

p^aciamasegeneand WEI repBcaltonorlgin. arid Ihephagefl 

malnteinedasasmailplasmldvectorbysetectlononcarber^ 
25 lor propagation. Alternatively, the plasmid can be eflidentlypacteged Into virfons 

infection with helper phage suchas M13K07 (Vtera efaL s^w) WW* 

Phagemid infectivity titers based upon transductton to cart)enicllin rw 

10l1colonyformingunite(cfu)rtnl. The titer of the M13K07 helper phage In these phagemid stocks Is -10 

plaque fonning units (pfu)/ml. 
30 withthissyslemweoonlinnedpreviou8Studle8(Panirtey.SrnithSMP^ 

large proteins fused to gene 111 Is deteterious to phage production (date nol shown). 1^ exampte. mductfon of the 
lac promoter in phGH-iyilSglll by addition of IPTG produced low phagemid titers. Moreover, phagemid partictes 
produced by coHnfectionwi«iM13K07confaining an amber mutetion in gene 111 gave very tow phagemid 

(<10l0 chjm.1). we believed that multiple copies of Ihe gene 111 fusion atteched to the phagemid surface couid 
35 lead to muitipte point attechment (the 'chelate effect") of the fusion phage to the immoMized target proteia 
Therefore to control the fuston protein copy number we limited transcriptton of the hGH^ne III fuston by 
culturing the plasmid In £ cofl JM1 01 (laclQ) which conteins a ccnstitotively high level of the lac repressor protein. 
The£eoffJM101 cultures containing ph6H-M13glll were best propagated and infected 
absence of the lac operon inducer (IPTG); however, this system is ftexibte so Ito 
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fusion protefns can be balanced. We estimatB that about 1 0% of the phagemid part)cle$ contain one cop^ of the 
hGH gene III fiiston protein from the ratio of the amount of hGH per virion (based on hGH mimuno-reac^ material 
in CsCI gradient purified phagemid). Therefore, ttie titer of fusion phage dsplaying the hGH gene III fusion is 
about2-5 X W^^M. This number Is much greater than the tiler of £ cofi (-10^ to lO^/hil) tn the culture from 
5 which the/arederived. Thus, on average«very£ coif cell produces 10-100 copies of phage dec^ 
hGH gene 111 fusionprotein, 

BCAUPLEV 
Structural imegrftf Of the hGH«er» n Fusion 
Immunoblot analysis (Rg. 2) of thehGH^ene III phagemid show that hGH cross^active material 
1 0 comigrates with phagemid particles in agarose gels. This Micates that tfie hGH is tightly associated with 

phagemid particles. The hGH^gene III fusion protein from the phagemid particles nms as a single immuno-stalned 
band showing that there is Ottle degradation of the hGH when it is attached to gene III. wnd-type gene III protein 
ts cleariy present because about 25% of the phagemid parfides are infectious. This is comparable to specific 
Infeclivity estimates made for wild4ype M13 phage that are simflariy purified (by CsGI density gradients) and 
1 5 concentrations estimated by UV absorbance {Smih, 6, P. supra and Pamifey, Smith sip/a} Thu^ both wild-type 
gene III and the hGH^ne III fusion proteins are d splayed In the phage pool 

It was important to confirm that the terfiary stnjcturo of the iSspIayed hGH was maintained in order to 
have confidence thairesufts from binding selections wiD transit used monoclonal 

anfibodies (Mabs) to hGH to evaluate the stnidural Inte^ of the displayed hGH gene III fusion prot^ (Table 
20 I). 

TABLEL Binding Of BghlDfifereritMonoclonaf 
Antn)odies(Mab^)lQhGHaiMlhGH l«agemld Partides* 

IC50(nM> 

Mab hGH hGHiJhagemid 

1 0.4 0.4 

2 0.04 0.04 

3 0.2 0.2 

4 0.1 ai 

5 0.2 >2.0 

6 0.07 0.2 

7 0.1 0.1 

8 0.T OA 



•Values given represent the concenlraJon (nM) of hGH or hGH-phagemid particles to give half-maximal binding to 
the particular Mab. Standard errors in these measurements are typically at or below ±30% of the reported value 
See Materials and Methods for further details. 

30 The epitopes on hGH for these Mabs have been mapped (Cunningham e^a/»s^pra and binding for 7 of 

8 Mabs requires that hGH be property folded. The IC50 values for aO Mabs were equivalent to wild-type hGH 
except for Mab 5 and 6 . Both Mabs 5 and 6 are known to have Ix'nding delenninants near the cartwxyl-temiinus of 
hGH which is blocked in the gene 111 fusion protein. The relafive IC50 value for Mabi which reads with both native 
and denatured hGH is unchanged compared to the cortfomiatfonally sensitive Mabs 2-5, 7 and 8. Thus, Mabi 

35 sen^s as a good Internal control for any enors In matching the concentration of the hGH standard to that of the 
hGHipnelllfosfon. 
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EXAMPLE VI 
Binding Enrfchments on Recep^ 

Previous workers (Parmley, Smitti supra ; Soott. Smith supra; Cwiria et al. supra; and Devlin et af. 

5 supra) have fractionated phage by panning with stre^vidin coated polystyrene petri dishes or microtiter plates. 
However, chromatographic systems would allow more efficient fractionation of phagemid particles displaying 
mutant proteins with different binding aff^ities. We chose norvporous oxirane beads (Sigma) to avoid trapping 
of phagemid particles in the chmmatographio resin. Furthemiore, these beads have a smalt particle size (1 ^m) to 
maximize the surface area to mass rafio. The extracelular domain of the hGH receptor (hGHbp) (Fuh ef af. , 

10 supra) containing a free cysteine residue was effidemty coupled to these beads a^ 
very low non-specific bincSng to beads coupled only to bovine senrni albumin (TaUe II). 

TABLE II. 



15 Specific Binding of Hormone Phage to hGHbp*^oated 

Beads Provides an Enrlcttment for hGH-phage over M13K07 Phage* 





Sample Absorbent^ 


Total p(u 


Total du 


Ratio (du/pfu) 


Enrichment§ 


20 


Original mixturet 


8.3 xlO"*^ 


2.9x108 


3.5x10-4 


(1) 




Supernatant BSA 


7.4X1011 


2.8 x lOB 


3.8 X 10-4 


1.1 




hGHbp 


7.6 XlO""! 


3.3x108 


4.3 X 10-4 


1.2 




Wash 1 BSA 


1.1 xlO^O 


6.Ox106 


5.5x10-4 


1.6 




hGHbp 


1.9x10^0 


1.7x10^ 


8.9x10-4 


2.5 


25 


Wash 2 BSA 


5.9x107 


2.8 X ^0* 


4.7x10-4 


1.3 




hGHbp 


4.9x 107 


2.7 X 106 


5.5x10-2 


1.6x102 




Eluate 1 (hGH)BSA 


1.1 X 106 


1.9x103 


1.7x10-3 


4.9 




hGHbp 


1.2x106 


2.1 X 106 


1.8 


5.1 X 103 




Eluate 2 (hGH)BSA 


5.9x105 


1.2 X 103 


2.0 X 10-3 


5.7 


30 


hGHbp 


5.5x10S 


1.3x106 


2.4 


6.9x103 




Buate3(pH2.1)BSA 


4.6x105 


2.0x103 


4.3 X 10-3 


12.3 




hGHbp 


3.8x105 


4.0x10^ 


10.5 


3.0x104 



*The titers of M13K07 and hGH-phagemid particles in each fraction was determined 
35 by multiplying the number of plaque forming units (pfu) or carbenldllin resistant 
colony forming units (cfu) by the dilution factor, respectively. See Example IV for 
details. 

tThe ratio of M13K07 to hGH-phagemid particles was adjusted to 3000:1 in the 
original mixture. 
40 * Absorbents were conjugated with BSA or hGHbp. 

§Enrichments are calculated by dividing the cfu/pfu ratio after each step by cfu/pfu 
ratio in the original mixture. 

In a typical enrichment experiment (Tat)le 11), one part of hGH phagemid was mixed with >3,000 parts 
M13K07 phage. After one cyde of t)incSng and etution, 10^ phage were recovered and the ratio of phagemid to 
45 M13K07 phage was 2 to 1 . Thus, a single l)lnding selection step gave >5000>f6ld enrichment Additional elutions 
with free hGH or add treatment to remove remaining phagemids produced even greater enrichnents. The 
ervichments are comparat)le to those otytained by Smith and coworkers using t)atch elution from coated 
polystyrene plates (Smith, G.P. supra and Parmely, Smith supra ) however much smaller volumes are used on the 
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beads (200 111 vs. 6 ml). There was almost no enrtctment Ibr the hQH phagemid over M13K07 when we used 
beads IWced only to BSA. The slight enrichment obseraed for control beads (-104o!d for pH 2.1 elution; Table 
2) may result Ifom trace eortaminants of bovine growth hormone binding protein present in the BSA Dnked to the 
bead. Nevertheless these data show the enridimerls for the hGH phage depend upon the presence of the hGHbp 
5 onthebeadsuggeslingbindingoccurebyspedfcinteractionbebwenhQHandtheW^ 

We evaiualBd the enrichment for wild-type hGH overaweaker binding variant of the hGH on fusion 
phagemkJs to further demonstrate enrichmentspeciScity, and to ink the reduction iii binding affinity for the 
purified homtones to erafchmertf factors afiw panning fusiott phagemU^ 

withanhGHmulantinwhlchArg64wa88UbslilutedwilhAla(R64A). The R64A variant honnone is about 20- 
1 0 fold reduced In receptor binding affinity compared to hGH (Kd values of 7.1 nM and 0.34 nM, respectively 
IGjnningham. Vteils. supraD. The litereof the R64AhQH^ne III fUston 
wDd-^ hGH phagemid. After one round of binding and elulfon (Table IP) Ihe wild-type hGH phagemid was 
enriched from a mixture of the two phagerakls plus M13K07 by WbW relative to Ihe phagemkJ R64A. and -10* 
relative to li<13KQ7 helper phage. 



15 



20 



TABI^a hOtbfrcoated Beads Selectfcr hGH Phageffllds 
OveraWeakerBtndiiHihGHVaitanlPhageniid 

nnntmibBA fte hfiHhpteads. 



SamDie UUTnhaneirid enifChmertt WTnhanennid enrichment 

^ iSphSeSM forWr/R64A totalphagenW forWr/R64A 



Original mbciure 8^0 0) J^fJ % 

25 Supernatant ND - f i.o 

BlJlionKhGH) 7/20 0.8 17/20 8.5* 

Elution 2 (pH2.t) 11/20 1-8 2^'Z7 5.2 

The parent Mt3K07 phage, wikHype hGH phagemid and R64A phagemid particles were mhed at a raiio of 
30 104d«5 Binding selecttons were cairied out using beads linked viilh BSA (control beads) or «^ 
SKbMdsfMSsStoTabten Aftereachstep.plaOTtdWAwas 

and analyzed by restrictkm analysis to dettnnine if ilconlained the wiId-W» hGH or the R64A hGH gene III 

35 tThe enrichmemforwild-typehGHphagemidpverR64Amutantwascalculatedfrom theratfoof hGH^^ 
preSnt^Mch step A prewnt in the original mixture (8C0). divided by the corresponding ratio for 
R64A phagemMs. WT » wfld-type; ND = not determined. 
*The enrichment for phagemkJ over total Ml 3K07 parental phage was -10* after this step. 

Oondustans 

40 By displaying.a mixture of wild^ype gene III and Ihe gene III fusion protein on phagemkJ parfides one can 

assembleandpropagatevlrionsthatdlsplayalargeandproperfokJedproteinasafusionto gene III. Thecopy 
number of the gene III fusfan protein can be effectively controlled to avoid "chelate effects" yet maintained at high 
enough levels in the phaaarnkJ pool to pemiit panning of large epitope Ubraries (>10^°). We have shown that hGH 
(a 22 kO protein) can be displayed in ite native folded fonti. BincBng selections performed on receptor affinity 

45 beads elutedwithfree hGH, efBdenBy enriched for wOd-type hQH phagemldsovera mutent hGH phagemkJ shown 
to have reduced receptor binding affinity. Thus, it is possible to sort phagemkJ partfcles whose binding constents 
are down in ttie nanomolar range. 
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ProlBin-protein and antibody^tigen tmeractions are dominated by discontinuous epitopes (Janin, J., 

efa/., J MqI. BioL 204:155-164, (1988); Afgos,PMEmLEna« 2:10M 13, 11988); Barlow, DJ.,e( a/., Miffi. 

322:747-748. (1987); and Davies, D.R., et A , J BioL Chem:. 263:10541-10544. [1988]); that Is the residues 

cfireclly involved in binding are close in tertiary structure but separated by residues not involved in bincfing. The 

5 screerting system presented here shoidd allow one to analyze more convenientiy protein^ptor interactions and 

isolate discontinuous epitopes in proteins with new and hig^ affinity binding properties. 

EXAMPLE VD 
Setectkm Of hGH Mutarits from a Ubrary 

hGHCodon8l72,174,176,17B 

10 CQPfitructlon ot tempjate 

A mutant of the hGH-gene III fcision protein was constnicted using the method of Kunkel.ef a/. ML 

EnTymol. 154, 367-382 (19871. Template DNA was prepared by growing the plasmU pS0132 (conteining the 

naturd hGH gene fused to the carboxy-temiinai half of M13 gene III. under control of the aikaOne (tfiosphatese 

promoter) in CJ236 cefls with M13-K07 phage added as helper. Single-stranded, uracfl-contEuning DNA was 

15 prepared for mutagenesis to introduce (1) a mutelion in hGH which woukJgreaU^ 

binding proton (hGHbp); and (2) a urdque restriction site (Kpnl) which cotdd be used for assaying for - and 

selecting against - parental background phage. Gligonucleotide-directed mutagenesis was carried out using T7 

DNA polymerase and the following oHgodeoxy-nudeotide: 

Gly Thr 

20 hGH codon: 178 179 

5«-G ACA TTC CTG fiGX ACC GTG GAG T-3» 

< Kpnl > 

This oDgo introduces the Kpnl site as shown, along mutettons (R178G, i179T) In hGH. These mutations are 
predicted to reduce binding of hGH to hGHbp by more than 30-fold. Clones from the mutegenesis were screened 
25 by Kpnl digestion and confirmed by dideoxy DNA sequencing. The result^ construct to be us^ as a template 
for random mutegeneste, was detignated pH0415. 

Handnmmutaynefteymin^ 

Codons 172, 174, 176, 178 were targeted for random mutegenesis In hGH, again usong the method of 
Kunkel. Single-stranded template from pH0415 was prepared as above and mutagenesis was carried out ustog 
30 the following pool Of oligos: 

hGH codon: 172 174 

5 • - GC TTC AGG AAG GAC ATG GAC MHi GTC HMa ACA- 

35 He 
176 178 179 

- MS CTG miS. AXC GTG CAG TGC CGC TCT GTG G-3' 

As shown, this oligo pool reverte codon 179 to wild-type (Be), destroys the unique Kpnl site of pH0415, and 
Introduces random codons (NNS, where N= A.G.C, or T and S= G or C) at positions 172,174,176, and 178. Using 

40 this codon selection in the context of the above sequence, no additional K^ The choice of the 

NNS degenerate sequence yields 32 possible codons (including one "stop' codon, and at least one codon for each 
amto add) at 4 sites, for a totel of (32)^° 1 ,048,576 possible nucleotide sequences (12% of which contein at 
least one stop codon), or (20)4» 160,000 possible polypeptide sequences plus 34.481 prematurely tenninated 
sequences (i.e. sequences contdning at teast one stop codon). 

45 Prona^aBon of the Initial library 
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The mutagenesis prodxte were extracted twice with phendxhlorofomi (5050) and elhanol 
precfpilated with an excess of carrier IRNA to avoid adding salt that woiJd confound the subsequent 
electroporafion step. Approximately 50 ng (15 fmols) of DNA was electroporated into WJM101 cells (18 x 10^0 
ceMsAnL) in 45 ^iL total volume in a 0.2 cm cuvette at a voltage setting of 2.49 kV vnth a single pulse (time 

5 constant = 4.7 msea). 

The ceflswefB allowed to recover 1 hour at ST^C^ shaking, then mixed with 25 mL 2YT medium, 100 
inglml cartwnldBin, and M13-K07 (muttiplicity of infection = 1000). Plating of serial dilutions from his culture 
onto carbeniaTffKontainlng media indicated thai 8.2 x 10^ electrotransfbmiants were obtained. After 10' at 
23^0, the culture was inoAated oventight (15 hours) al370C wiBi shaking. 
1 0 After overnight inoiation, the cells were pelleted, and double-stranded Dl^ (dsDNA), designated 

pUBI , was prepared bf the alkaline lysis melhod. The supernatant was spin again to reifnove any rema&iing cells, 
and the phage, de^nated phage pool 4>1, were PEG-predpltaled and resuspended In 1 mLSTE buffer (10 mM 
Tris, pH 7.6, 1 mM EDTA, 50 mM NaCJI). Phage titers were measured as colony-fomiing units (CPU) for the 
recombinant phagemkJ containing hGH-gSp gene III fusion (hGH^) plasmid, and plaque*nning units (PFU) for 

1 5 the Mf 3-K07 helper phage. 

HMnryfielecBonirfnfitfrti^^ 

1. BINDING: An afiquot of phage pod 4>1 (6 x 10® CPU. 6 x 10^ PFU> was (filuted 4.5-fold in buffer A 
(Phosphate^xrflered saline. 05% BSA, 0.(S% Tween«), 0.01% Wmerosal) and mtod witti a 5 jiL su^nsbn of 
oxiraneixriyacryiamkie beads coupled to the hGHbp containing a Ser237 Cys mutafion (350 Ms) in a 1 5 mL 

20 slated polypropylene tube. As a control, an ec^valem aliquot of phage were mixed in a separate bd^ 

ttiathadbeencoafedwthBSAoniy. The phage wmaltowed to ttnd to the beads by incubaling 3 hours at room 
tompeiatore (23^C> with slow rotation (approximately 7 RPM). Subseqt»iit steps virere carried out with a 
cor^t volume of 200(iL and at room temperature. 

2. WASH: The beadswm spun 15 sec and the superhatent was removed {Sujl 1). To remove 

25 phageAfrfiagemid not spedfica!^ bowid, the beads were washed Mca by resuspending in buffer A, then pelleting. 
A final wash consisted of rotefing the beads in bufter A for 2 houre. 

3. hGH ELimON: Phage/phagemid KncBng weakly to the beads vrere removed by stepwise elufion vwlft 
hGH. In the first step, the beads were rotated vnth buffer A containing 2 nM hGH. After 1 7 hours , the beads 
were pelleted and resuspended in buffer A contein^ 20 nM hGH and rotated for 3 hours, then pelleted. In the 

30 f&ial hGH vrash, the beads were suspended in bufter A containing 200 nM hGH and rotated for 3 houre then 
pelleted. 

4. GLYCINE ELUTION: To remove the tightest-binding phagemid (i.e. those still bound after the hGH 
washes), beads were suspended in Glycine buffer (1 iiGIycine. pH 2.0 wiBi HQ), rotated 2 hours and pelleted. 
The supematent (fraction "G"; 200tiL) was neutralized by adding 30 jiL of 1 M Tns base. 

35 Fraction G eluted from the hGHbp^)eads (1 x 10^ CH}, 5 x 10^ PFU) was not substenBalty enriched 

for phagemid over K07 helper phage. We believe this resulted from the fact that K07 phage packaged during 
propagation of the recombinant phagemid display the hGH-g3p fusion. 
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However, when compared with fraction G eluted from the BSA^ted control boBxis, the hGHbpteads 
yielded 14 times as many CPU's. This reflects the enrichment of tight-taincfing hGH-displaying phagemid over 
nonspedfically-binding phagemid. 

5. PROPAGATION: An aliquot (4.3 x 10^ CPU) of fraction G eluted from the hGI4bp-beads was used 
5 to frifect log-phase WJM101 ceOs. Transductions were carried out by mixing 100 fraction G with 1 mL WJM101 
cells, incubating 20 mia at 37^0, then adding K07 (multiplicity of infections 1000). Cultures (25 mL 2YT plus 
carbenidSin) were grown as described above and the second pool of phage (Library 1G, for first glycine elution) 
were prepared as described above. 

Phage from library 1 G (Rg. 3) were selected for binding to hOHbp beads as described above. Fraction 
10 G eluted from hGHbp beads contained 30 tones as many CPU's as fraction 6 ehJted from BSA-beads in this 
selectioa Again, an aliquot of fraction G was propagated in WJM101 cells to yield library 1G^ (indicating that 
this library had been twice selected by glycine elution). DouUe-stranded DMA (pLIB 1G^ was also prepared 
from this culture. 

jfpi^l anri B^tfrigHotvseteeBon Of gfePNA 

1 5 To reduce the level of background (Kpnl-*^) template, an aliquot (about OS m9) Pl-IB IG^ was 

dtgestsd with Kpnl and electroporated into WJM101 cells. These cells were grown In the presence of K07 
(multfpScity of infections 100) as descn'bed for the inOia! ISbraiy, and a new pha^ pool, pUB 3, was prepared 
(Pig. 3). 

In addition, an aliquot (about 0.5 M) cH dsDNA from the Inifial library (pLIBI) was c^sted with Kpnl 
20 and electroporated directly Into WJM101 cells. Transformartis were aDowed to recover as above, infected with 
M13-K07, and grown overnight to obtain a new Bbrary of phage, designated phage Library 2 (Rg. 3). 
&ttcesslv6tmidsofseiecBQn 

Phagemid binding, elution, and propagation were canied out in successive rounds for phagemid derived 
from both pLIB 2 and pLIB 3 (Fig. 3) as described above, except ttiat (1) an excess (10-told over CPU) of 
25 purified K07 phage (not displaying hGH) was added in the bead-Undng cocktail, and (2) the hGH stepwise 
elulions were replaced with brief washhgs of buffer A alone. Also, in some cases, XLI-Blue cells were used for 
phagemid propagaHon. 

An additional digestion of dsDNA with Kpnl was earned out on pLlB ZG^ and on pLlB 3G^ before the 
final round of bead-binding selection (Rg. 3). 
30 DNASefluendrwoffietertedBhao^ 

Four Independently isolated clones from LIB 4G^ and four independently isolated clones from LIB 5G^ 
were sequenced by dideoxy sequencing. All eight of these dones had identical DNA sequences: 

hGH codon: 172 174 176 178 

35 5' -AAG GTC TCC ACA TAG CTG AGG ATC-3' 

Thus, all these encode the same mutant of hGH: (E174S, PI 76Y). Residue 172 in these clones is Lys as in wld- 
type. The codon selected for 172 is also identical to wild-type hGH. THs is not surprisffig since AAG is the only 
lysine^codon possible from a degenerate "NNS* codon seL Reddue 178-Arg is also the same as wild-type, but 
here, the codon selected from the library was AAG instead of CGC as is found In wild-type hGH, even though the 
40 latter codon is also possible using the 'NNS" codon set 
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iMmSiatMMssiisD. 

The mulfiplicity of Wecfcn of K07 infecfion is an Important parameter in Sw propagation of 
recombinant phagemids. The KD7 mullipOcity of Infection must be high enough to insure lhat virtually all cells 
transformed or transfected vrith phagemid are aWe to padage new phagemid particles. Furthemiore, the 
5 concertratib^oflrfld^ypegenelllineachceH8houldbekepthightofeduoe^^^ 

fusion molecules beitg displayed on each phagemid partide. thereby reducing chelate effects in binding. However. 
If the K07 multipncity of Infeclion is too Wgh, the padcaging of KD7 wiD compete with that of recombinant 
phagemU We find lhat acceptable phagemid yields, wflh only 1-10% background K07 phage, are obtained when 
the K07 mulUpBcity of infection is 100. 
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Table IV. 



Phage Pool 


moi (KD7) 


Enrichment 
CFU/PFU 


hGHbp/BSA beads 


Fraction Kpnl 


LIB1 

UBIG 

UB3 

UB3G3 

UBSG^ 

UBS 


1000 

1000 

100 

10 

100 

100 


ND 

ND 

ND 

ND 

460 

ND 


14 

30 

1.7 

8.5 

220 

15 


0.44 
0£7 
0.26 
0.18 

ai3 

ND 


UB2 
UB2G 
UB262 
UB4 


100 
10 
100 
100 


ND 
ND 
100O 
170 


1.7 
4.1 
27 

38- ' " 


<0.05 
<0.10 
0.18 
ND 



Phage pools are labelled as shown (Fig. 3). The mulfipilcity of infection (moi) refere to 8»muaiplici^ of 10)7 
Bifeclion(PFUfcells)inihepropagaBonofphagemi± The enrichment of CFUow»PFU is shown ftiftose cases 
15 wherepuriiiedK07wasaddedinlhebindlngstepiTheratoofCFUaIutihgfromhGHb|>^^ 

from BSM)eaife is shown. The fiacfion of KpnhcontaftiftiglBmplate fue, pH0415) remaWng m the pool was 
determined by d^KfingdsDNA with Kpnl plus EooRI. running the producteon a 1%^arose gel, and laser- 
scanning a nega&ve of ttie ethicfton bromide-stabied DNA. 
f ^f^tnr.hiniflnB afflnlW P f ihii hnrmone hGHfE174S. HTCY) 
20 The fact that a single done was isolated from two different pathways of selecfion (Rg. 3) suggested 

that the double mutant {E174S,F176Y) binds strongly to hGHbp. To detennhe the affinity of this mutant of 
hGH for hGHbp, we constructed this mutant of hGH by site-directed mutagenesis, using a plasmid (pB0720) 
whidi contains the wild-type hGH gene as template and ttie following oligonudeotide whid) dianges codons 1 74 and 
176: 

25 hGH codon: 172 174 176 178 
Lys Ser Tyr Arg 
5'- ATG G&C AAG GTfi IC.G ACA T^C CTG CGC ATC GTG -3' 
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The resulting construct, pH0458B, was translbmied into £ coif strain 16C9 for expression of the mutant 
honnone. Scaldard analysis of competitive binding of hGH(E174S.F176Y) versus ^^mH to hGHbp indicated 
that the (E174S,F176Y) mutant has a binding affinity at least 5.0-fc)ld tighter than that of wild-type hGH. 
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EXAMPLfVDl 

SELECTION OF h6H VARIANTS FROM A 
5 HEUX-4 RANDOM CASSETTE UBRARY OF HORMONE-PHAGE 

Human growth hormone variants were produced bf the method of the present invention using the 

phagemid descrit)ed in figure 9. 

Cflnstmritonrfa 

We designed a vector for cassette mutagenesis (Wens et al., fieOB 34, 315*323 [1985]) and expression 
10 of the hQH-gene III fusion protein with the otijectives of (1) improving the Onkage between hGH and the gene III 
moiety to more favorably display the hGH moiety on the phage (2) rtmiting expression of the fusion protein to 
obtain essentially "monovalent display; (3) allowing for restriction nuclease selection against the starting vector, 
(4) eliminating expression of fu^on protein from the starting vector, and (5) acMeving fadle expression of the 
corresponding free honnone from a gpven hOH-gene III faision mutant 
1 5 Plasmid pS0643 was constnicted by oligonudeotide-directed mutagenesis (Kunkel et al^ IMlfida 

EnTymol. 154, 367-382 [1987]) Of pS0i32, which conl^ns pBR322 and fl origins of replication and expresses an 
hGH^ne III fusion protein (hGH residues 1-191 . followed by a single Gly residue, fused to Pro-198 of gene III) 
under the control of the E. rsoli phoA promoter (Bass et ah, Pretetns 8, 309-314 [19901)(Rgure 9). Mutagenesis 
was carried out with the oligonucleotide 5'-GGC-AGC-T6T-GGC-TIMAfi:&GT-GGG*GGC-GGC-TCT- 
20 GGT-3\ which introduces a iSM site (underfined) and an amber stop codon (TAG) foOowing Phe-191 of hGK In 
the resulting construct, pS0643, a portion of gene 111 was deleted, and two silent mutations (underlined) 
occurred, ^dcfing the following junction between hGH and gene 111: 

— liQH > gene in ' ■■ ■■ ■■ ■ > 

25 1S7 188 189 190 191 am* 248 230 251 252 253 254 

Of Set Cys Gbr Ite GSht 8er Qy Set Cfy 

GCCMSC TGT GC^ TIC TAG ACT CCQ GOT GGC TCT GGT 

This shortens the total size of the fusion protein trom 401 residues in pSOl 32 to 350 residues in 
30 pS0643. Experiments using monodonal antibodies against hGH have demonstraM that tt^ 
new fusion protein, assembled on a phage particle, is more accessible than 

l=6r propagaBon of hom)one*displaying phage, pS0643 and derivatives can be grown in a amber- 
suppressor strain of E. coli. such as JM101 or XLI-Blue (Bullock et aL. BioTechntques 5, 376-379 [1987]). Shown 
above is substitution of Glu at the amber codon which occurs in 2U|£ suppressor strains. Suppression with other 
35 amino a^ is also possible in various available strains of LM well known and puUicaBy available. 

To express hGH (or mutants) free of the gene III portion of the fusion, pS0643 and derivatives can 
simply be grown in a non-suppressor strain such as 16C9. In this case, the amber codon (TAG) leads to 
temnlnation of translation, whk:h yieMs free honnone, without the need for an independent DMA constmctton. 

To create sites tor cassette mutagenesis, pS0643 was mutated with the oligonucleotides (1) 5'-CGG- 
40 ACT-GGG- CAG-ATA-n C-AAG-CAG-ACC-3'. which destroys the unique figlll site of pS0643; (2) 5'-CTC- 
AAG.AAC-TAC-G GG-TTA-CCC -TGA-CTG-CTT-CAG-GAA-GG-3'. vifhich inserts a unique Bstgli site, a 
sir^le-base frameshift, and a non-amber stop codon (TGA); and (3) S'-CGC-ATC-GTG-CAG-TGC-AfiAJCI- 
GTG-GAG*GGG^', which intnxiuces a new figlU site, to yiekJ the starting vector. pH0509. The addition of a 
frameshift atong with a TGA stop codon insures that no genelll-fusion can be produced from the starting vector. 
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The m-Ml segment is cut out of pH(J509 and replaced ««m a DNA cassete 
interest Other restriction sites for cassette mutagenesis at other locations in hGH have also been Introduced into 
Ihe honnoneiihage vector. 
r.a««Am>muiMeneslswtth!nhenx4QfhGH 
5 Codons 172, 174. 176 and 178 of hGH were targeted tor random mutagenesis because they afl Be on or 

near the surface of hGH and contribute signilicanlly to receptor-binding (Curiningham and Wells. Sciancfl244. 
1081-1085 11989D; they alT le within a welWefmed structure, occupying 2 turns" on the same side of helix 4; 
■ andtheyareeachsulBliluiedbyatieaStoneamlnoaeidamonglBwimevoU^ 

We chose to $ubsl>tutBNNS(N=«6/C/r:S»Q«) at each of the target residues. The choice of the 
10 N^ISdegeneratesequenceyields32possiblecodons(inc^ud^ngalleastonec^ 

foratotal of (32)4= i,048^76 possible rajdeotide sequences, or (20)4« 160.000 possible polypeptide 
sequences. Only one Stop codon.amber(TA61. isallowed by this choice of codons. ^ 

as (3u &» supE sftaihs otEM. 

Two degenerate or«onucieotldes. with NNS at codons 172. 174, 1 76. and 1 78. were synthesized. 
1 5 phosphorylated, and annealed to construct th» mutagenic cassette: ff-GT-TAC-TCT-ACT-GCT-TTOAGG- 
AAG-GAC-ATG-GAC-NNS-GTC-NNS-ACA-NNS-CTG-NNS-ATC-GTG-CAG-TGC-A-S'. and 5'-GA-TCT- 
GCA-CTG-CAC-GAT-SNM-CAG-SNM-TGT-SNM-GAC-SMN-GTG-CAT-GTC-CTT-CCT-GAA-GCAGTA- 

GA-3'. 

The vector was prepared by digesing pHOSOS wilh BslHl foltowed by BglU. The products were run on 

20 al%agarosegelandlhelargelragmemexcised.phenol«dracted.andethanolprec^ 

treated with calf intestinal phosphatase (Boehringer). then phenolxWorofomi extracted, ethanol predpiteted. 
and resusperided for Ggation with the mutagerrio cassette. 
PtanapHnn «f ttelnWatliri'y ^ M 1-BluB celb 

mmrg Ogafion. the reacfcn products were agabi digested w8i fislEll. then phenotehfaroform 

25 extracted, ethanol prec%>iteted and resuspended in water. (A BstEU recognition site (GGTNACC) is created 
wilhincassetteswWchcontainafiatposition3ofcodon172andanAC£Cnir)codo^ However. 
ttBatmemwithfisEl at Ihis Step should nolsetectagainsl any of the possible mufagenic cassettes, becaus© 
virtuaBy all cassettes will be hetetoduplexes. which cannot be cleaved by the enzyme.) Approximately 150 ng (45 
fmols) of DNA was efedroporated into XLI-Blue cells (1 J x lO^ eels In om nl) in a 02 cm cuvette at a 

30 voltege setting of 2.49 kV with a singte pulse (time consfeni » 4.7 msec.). 

The cells were allowed to recover i hour at 37<^ in S.O.C media with shaWng. then maed with 25 ml 
2YT medium. 100 mglml carbenicillin. and M13^<07 (moi= 100). After 10' at 23OC. the culture was incubated 
overnight (15 hours) at 370C with shaldng. Plating of serial dHutions from this culture onto carbenialn- 
containing media indicated that 35 x 10^ eleclrolranstorawnts were obtained. 

35 After overnight incubation, the cells were peBeted. and double-stranded DNA (dsDNA), designated 

PH0529E (the initial Bbrary). was prepared by the alkaline lysis method. The supernatant was spun again to 
remove any remaining cells, and the phage, designated phage pool 4.^5291 (the inftial Obraiy of phage), were 
PEfrpredpilated and resuspanded in 1 mL STE buffer (10 mM Tris. pH 7J, 1 mM EDTA, 50 mM NaQ). Phage 
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titers were measured as ootony-formfng uiits (CPU) for the recombinant phagemid containing hGH-g3p. 
Approximatety AS x 10^3 CPU were obtained from the starting library. 
DflfleneTflCtf of the starting tlbraw 

From the pool of electrotransformants, 58 clones were sequenced in the region of the BstEli-Bglll 
5 cassette. Of these» 1 7% corresponded to the starting vector, 17% contained at least one frame shift, and 7% 
contained a non-silent (non-tenninating) mutation outside the four target codons. We conclude that 41% of the 
clones were defective by one of the above measures, leaving a total fund^ 

transfonnants. THs mmiber stifl exceeds the possible number of DMA sec^ences by nearly 20-fold. Therefore, 
we are confident of having aB possible sequences represented in the starts Itoary. 
1 0 We examined the sequences of norvselected phage to evaluate the degree of codonbias in the 

mutagenesis (Table V), The results indicated that, although swne codons (and amino adds) are under- or over- 
represenled relative to the random expedation, the library is extremely diverse, with no evidence of large-scale 
"sibling' degeneracy (Table VI). 

Table V. 

15 

Codon distribution (per 1B8 codons) of non-selected hormone phage. Clones were sequenced from the starting 
fibrary (pH0529E). AB codons were tabulated, including those from clones which contained spurkH^ mutations 
and/or frameshifts. * Note: the amber stop codon (TAG) is suppressed as Glu In XL1 -Blue cells. Highfighted 
codons were oven/under-represented by 50% or more. 

20 





flesiduB 


NumtierfiXDecled 


Numteriound 


Found/Exowted 




Leu 


17j6 


18 


1.0 


25 


Ser 


17j6 


26 


15 




Arg 


17^ 


10 


057 




Pro 


11J 


16 


1.4 




Thr 


US 


14 


12 


30 


Ala 


1U 


13 


1.1 




Gly 


m 


16 


1.4 




Val 


m 


4 


0.3 




k 


S.9 


2 


0.3 


35 


Met 


5.9 


1 


02 




Tyr 


5.9 


1 


02 




Hs 


5.9 


2 


0.3 




Trp 


5.9 


2 


0.3 




Phe 


5.9 


5 


0.9 


40 


Cys 


5.9 


5 


0.9 




Gh 


5.9 


7 


12 




Aai 


5.9 


14 


2.4 




Lys 


5.9 


11 


1.9 




Asp 


5.9 


9 


15 


45 


Glu 


5.9 


6 


1.0 




amber* 


5.9 


6 


1.0 
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Table VL 

5 asGlufnXLI-Bluacelisareshownase. 



Kent kteq cvu» 

TWGS NNCR EASL 

PeER FPCL SSKE 

10 LPPS NSDF AUl 

SLOP HHPS PSHP 

QQSN LSLe 8YAP 

GS?f SiS 

TPVT vm SXS 

15 RSRA re©S gW« 

UCGL ""^^S 5fS^ 

TGRL PAGS aja 

AKAS GRAK NDPI 

GNDD GTNG 

20 — 

p^tatten onmr -rt^ h^^Hhn and hPRLte 

Immobilized h6Hbp(HGHbp*eads^ was prepared as described (Bass at al, fitBlSlIES. 309-314 
[1990D. except thatwikHypehOHbp (Fuh elaU JJiaLfitem. 265, 3111-3115 [19900 was used. Competitive 
25 binding expenmenis with ^ UGH indicated that 58 fmols of funcfional hGHbp were coupled per pL of bead 
suspension. 

ImmobiTized hPRILbp (WRtJjpteadsr) was prep^ 
domain of tt» prolacBn receptor (Cunningham etal, Sc!encfi250. 1709-1712 [19901). Compeffliwe binding 
expefimeniswilh[125|ihGH h the presence of SO pManc indicated that 2.1 fraob of funcfional hPRlbp were 

30 coupledperfiLofbeadsuspension. 

•Blank beads* were prepared Iv treatJig the oidrane-aaylannde beads wiih 0£ M eftanol^^ 

9.qfor15 hours at 40C. 
pn^ffnfftoinrMnntrinfllnmabin^ 

Bintflig of honnone^jhage to beads was carried out In one of the foDowingbuffere: BufferA(PBS, 

35 0.5% BSA, 0.05% Tween 20, 0.01% tWmerosal) for selections using hGHbp and blank beads; Buffer B (50 mM 
trfspH 7.5, 10 mM iyigCl2. 05% BSA, 0X5% Tween 20. 100 roMZna2) for seleclions using hPRQjpIn the 
presence of zinc (♦ Zn2+); or Buffer C (PBS, 05% BSA, 0X5% Tween 20. 0.01% tWmerosal. 10 mM EDTA) for 
selecb'dns using hPRLbp in the absence of zinc (+ EDTA). Binding selections were cairied out according to each 
of the fbOowing paths: (1) binding to blank beads, (2) binding to hGHbpteads. (3) binding to hPRU)p-bead8 (+ 

40 Zn2+), (4) binding to hPRLbp-beads (+ EDTA). (5) pre-adsorbing twice with hGHbp beads then binding the 
non-adsorbed fraction to hPRLbp-beads 

(■•hGHbp, +hPRLbp* selection), or (6) pre-adsorbing twice with hPRLbp43eads ttien binding the non-adsorbed 
fraction to hGHbp^)eads C-hPRLbp. +hGHbp' selection). The latter two procedures are expected to enrich 
for mutants binding hPRUjp but not hGHbp. or fOr mutants binding hGHbp but not hPRIiip, respecfively. 
45 BintSngandelulionofphagewascanledoutineachcydeasfoaows: 

1.BINDING: An alkjuot of hormone phage (typically lOS-IO^^ICfO)) was mixed with an equal amount of 
non-homjone phage (pCAT), diluled into the appropriate buffer (A. B, or C), and mixed with a 10 mL suspension 
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ofhQHbp,hPRLbporblankb8adsinatotalvolum6Of200mLina1^ Thephagewere 
allowed to bind to the beads by incubating 1 hour at room temperature (23^0) with slow rotafion (approximately 
7 RPIM). Subsequent steps were carried out with a constant volume of 200^1 and at room temperature. 

2. WASHES: The beads were spun 15 sec.» and the supematarU was removed. To reduce the number of 
5 phage not specifically bound, the beads were washed 5 times by resuspending briefly in me appropriate buffer, 

then pelleting. 

3. hGHELUTK)N: Phage binding weakly to the beads were removed by elution with hOH. Thebeads 
were rotated with the appropriate buffer containing 400 rW\GH for 15-17 hours. The supernatant was saved as 
the 'hGH elution* and the beacte. The beads wm washed by resuspending briefly In buffer and pelleting. 

1 0 4. GLYCINE ELUTION: To remove the tightest^ndng phage (l.e. those stil bound after the hGH 

wash), beads were suspended in Qydna buffer (Buffer A plus 0.2 U-Glycine, pH 2.0 with HQ), rotated 1 hour and 
pelleted. The supernatant CGIydne eluHon'; 200^) was neutralized by adding 30 mL of 1 M Tris base and 
stored at 4<>C. 

5. PROPACSATDN: Alquots from the hGH elutions emd from the (alydne etutions from each set of 
1 5 beads under each setof con(fitions were used to infect separate cultures of log-phase XL1-6lue cells. 

Transducfions were carried out by mixing phage with 1 mL XLI-Blue cells, incubating 20 min. at 37%, then adding 
K07 (mol- 100). Cultures (25 mL 2YT plus carbenicSiin) were grown as described above and the next pool of 
phage was prepared as described above. 

Phage bindng, ^jtion, and propagation were carried out in su^^ 
20 described above. For example, the phage amplified from the hGH elution from hGHbp-beads were again selected 
on hGHbp-beads and eluted with hGH. then used to infect a new culture of XL1-B1^ Three to five rounds of 
selection and propagation were carried out ft>r each of the selection procedures 

DWSeguwclfioofselecMtfHi^^ 

From the hGH and (Slydne elution steps of each cycle, an a^ 
25 eels, which were plated on LB meda containing carbeniclln and tetracycline to obt^n Independent clones from 
eachphagepooL Single-sfrarKiedDNA was prepared from Isolated cotony and sequenced in th^ 
mutagenic cassette. The results of D^1A sequencing are summarized in temis of the deduced amte^^ 
ffi Figures 5, 6, 7. and 8. 

30 Expression and assay of hGH nutants 

To detennine the binding affirtity of some of the selected hGH mutants for the hQHbp, we transfonned 
DNA from sequenced clones frito E.goII strati 1 6C9. As described above, this is a non-suppressor strain which 
temiinates translation of protein after the final Phe-191 residue of hGH. Single-sfranded DNA was used for 
these fransformations, but double-stranded DNA or even whole phage can be easily electroporated into a non- 
35 suppressor strain for expression of free honnone. 

Mutants of hGH were prepared from osmoBcally shod^ed cells by ammonium sulfate precipitation as 
described for hGH (Olson et al., Mu[& 293, 40841 1 [1981]), and protein concenfrations were measured by 
laser densitomoefry of Coomassie-stained SDS-polyacrylamide gel electrophoresis gels, using hGH as standard 
(Cunningham and Wells, &j&OCS 244, 108M0B5 (1989]). 
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The bihding affirt^ of each mutant was detennined by displacement of ^25| hGH as described (Spencer 
atal .1 RinlChem. 2B3. 7B62-7867 11988} : FuhetaL. J. M, Ctlffln.265,ai11-3115 [19901), using an antl- 
receptor monoclonal antiboc^ (Mab263). 

The results for a number of hGH mutants, selected by differenl pathways (Rg. 6) are shown In Table 
5 vn. Many of these mutants have a 1^ binding affMfy for hGHbp than wiU^hGK The most improved 
mubnt, KSYR, has a bincfiig affinity 5£ fimesgrealer than 8iat of wad-type hGH. The wealtest selected 
mutant, among those assayed was orty about Ifrfbld lower in bbxling affinity than hGH. 

Binding asse^ may be carried out for mutants selected for hPRU)p4)inding. 

10 Table VL 

Competitive binding to hGHbp 

The selected pool in which each mutant was found is incficated as 1Q (first glycine seleclion). 3G (third 
glycine selectton), 3H (third hGH selection). 3* (third seleclion, not binding to hPRLbp. but binding to hGHbp). 
15 ThenumberoffiroeseadimutaitfoccuredamongalsequencedcloneslsshownO. 



20 



40 



Mutant 




Kdfmutt/KdfhGH) 


Pod 


KSYR (6) 


0.06 4 0.01 


0.18 


1G^ 


RSFR 


0.10 + 0.05 


0.30 


3G 


RAYR 


0.13 * 0.04 


0J7 


3* 


KIYK (2) 


0.16 * 0.04 


0.47 


H,3Q 


RSYR (3) 


0J20 * 0.07 


0.S8 


1G,3H3G 


KAYR (3) 


0.22 * 0.03 


0.66 


3G 


RFFR (2) 


0.26-f 0.OS 


0.76 


3H 


KQYR 


0J33*0Sa 


1J) 


3Q 


KEFR. vrt (9) 


OM* 0.05 


1i> 


3H,3Q,3* 


RTYH 


0.68 + 0.17 


2.0 


3H 


QRYR 


0.83 + 0.14 


2.5 


3* 


KKYK 


1.1 +0.4 


3.2 


3* 


RSFS (2) 


1.1 +0.2 


3.3 


3G,* 


KSNR 


3J +0.4 


9.2 


3* 



AiMMvftandn(an. »MMvi>gtfeei9flnMndlng 

At some residues, substitution of a particular amino add has essentially the same effect independent of 
50 surrounding residues. For example, subsfitution of F176Y in the background of 172W174S reduces binding 
affinity by 2.0*ld (RSFR vs. RSYR). Similarly, in the background of 1 72W174A the binding affinity of the 
F176Y mutant (KAYR) Is 2.9-fold weaker than t» conesponding 176F mutant (KAFR; Cunnin^am and Wells, 
1989). 
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On the other hand, the binding constants det^&)ed for several selected mutants of hGH demonstrate 
non^dcStfve effects of some amino add substitutions at residues 172. 174, 176. and 178. For example, in the 
badcground of 172K/176Y, the subsBtuBon E174S results in a mutant (KSYR) which binds hGHbp 3.7-fold 
tighter than the corresponding mutant containing E174A (KAYR). However, in me background of 172R/176Y, 
5 the effects of these E174 substitutions are reversed. Here, the E174A mutant (RAYR) binds 1 .5-fbld tighter 
than the E174S mutant (RSYR). 

Such non-adcStlve effects on binding tor substitutions at proximal residues illustrate the utility of 
proteinfhage binding selection as a means of selecting optimized mutants from a library randomized at several 
positions, to ttie absence of detaOed structural intonnation, ^Knthout such a selection process, many combinations of 
1 0 substitutions might be tried before finding the optimum mutant 

EXAUPLEIX 

SEI.ECnON OF hGH VAFV ANTS FROM A HEUX-I RANDOM CASSETTE 
1 5 UBRARY OF HORMON&PHAGE 

Using the methocfe descrbed in Exampfe VIII, we targeted another region of hGH involved in bincfing to 
the hGHbp andtor hPRUjp, helix 1 revues 10, 14, 18, 21 , for random mutagenesis in the phGHam-g3p vector 
(also known as pS0643; see Exampfe VHl). 

20 chose to use the "amber hGH-g3 oonstmct (caBed phGHam-g3p) because it appears to make the 

target protein, hGH, more acoessibfe tor bincfing. TMs is supported by data from comparative ELISA assays of 
monoctonal anfibody blndng. Phage produced from both pS0132 (S. Bass, R. Greene, J. A. Wells, Plro/ate 8, 
309 (1990).) and ph6Ham-g3 were tested with three antibodfes (Medix 2, 1B5.62. and 5B7.C10) that are known 
to have binding defemiinanls near ffie carboxyHerminus of hGH [B. C. Cunningham, P. Jhurani. P. Ng, J. A. Wells. 

25 Sc/ence243,1330(1989);B.C.CumiinghamandJ.A.Wdl8,Sc^ 

unpubOshed results], and one anSbody (Medbc 1 ) that recognizes detenninants in hefices 1 and 3 ([B. 0. 
Cunrfttfam, P. Jhuani, P. Ng. J. A. Wels, Scfenc8243, 1330 (1989); B. 0. Cunningham and J. A. Wells, Scfeoce 
244, 1081 (1989)]). Phagemid particfes from phGHam-g3 reacted much more stron^y with antibodies Medix 2, 
1B5.G2, and 5B7.C10 than (fid phagemid partictos from pS0132. In parttoular, bincfing of pS0132 particles was 

30 reduced by >2000-fokJ for both Mecfix 2 and 5B7.C10 and reduced by >25-foW tor 1B5.G2 compared to binding 
to Medix 1 , On the other hand, binding of phGHam-g3 phage was weaker by only about 1 .5-fold, 1 .2-foW, and 23- 
fotd tor the Medix 2. 1B5.G2. and 5B7.C10 antibocfies, respectively, compared with binding to MEDDC 1. 
Cnn<rtriif^irfthBhelix1lft^^ 

We mutated residues in helix 1 that were previously identilied by edanine-scanning mutagenesis [B. C. 

35 Cunningham. P. Jhurani, P. Ng, J. A. WeBs, Science 243. 1330 (1989); B. C. Cunningham and J. A. Wells, Sconce 
244, 1081 (1989). 15, 16) to modulate the binding of the extracellular domains of the hGH and/or hPRL 
receptors (called hGHbp and hPRLbp. respectively). Cassette mutagenesis was carried out essentiaOy as 
described [J. A. Wells. M. Vasser, D. B. Powers, Gene 34, 315 (1985)]. This library ms constmcted by cassette 
mutagenesis that fully mutated four residues at a time (see Exampfe Vlll) which utilized a mutated verston of 

40 phGHam-g3 into wtdch unictue Kpri (at hGH codon 27)and Xho\ (at hGH codon 6) restricfion sites (underlined 
bekw) had been inserted by mulagenesiis [ T. A. Kunkel. J. D. Roberts, R. A. Zakour, Metfwds Enzymol. 154, 367- 
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3821 with the oli9onucteoti*8 MCC TTT GAC AQfimCAG GAG TTT 64' and ff-CCA ACT ATA CCA 
r rr tcq agg TCT ATT CGA TAA C4'. respectively. The later oOgo also introduced a +1 framesWft 
(itancized) to tenninate translation from the starfing vector and mirtmize wfld^ype background in Ihe phagemid 
Dbrary. TWsslrating vector was designated pH0508B. The helix 1 Sbraiy. which mutated hGH residues 10. 14, 

5 18 21 wasconstnjctedl)yligatingtothelargeX?»l-K^rtfrapenlofpH0508Baca8sette^ 

complemeniaryoiigom«leotide8Si.TCGAGGCTCNNSQACAACGCGNNSCTGCGTGCTNNSCGTCT^ 
NNSCAQCTQGCCTnGACACQTAC^-andS'-pGTGTCAAAGGCCAQCTQSNNAAGACGSNNAGC 
ACGCAGSNMCGC6TTGTCSNNGA6C&3'. The *Qwl site was destroyed lr» the junction of the ligafion 
productsothatreslriclionenzymedigestioncoukJbeosedfbranalysisofro^ 

10 ThelibraryconlalnedatleastlO^independemtranslbmiantssothatifthelib^ 

random{lOBdSererta)mhinafionsofcodons)wewouldhaveanaverageofabout 

mutated hGH gene. Restifclton analysis using Kjonl indicated that at le^ 

contaHied the inserted cassette. 

Binding enrichments of hGHi)hage from the iibcaries was carried out^ 

15 o)dtanei>olyacrylamidebeads(SlgmaChemicalCo.)asdesrt^ Four residues in heKlCFIO. 

MM, H18. and H21) were similarly mutated and after 4 and 6 cyctes a nornrnfr 
VIII).'posifion10cnlI»hydiophol*laceolhelixllBnded to be hydros 
hydiopWEclace tended were dominated by Asn: no obvious consensus^ 

The binding conslantslbrthese muiants of hGH to hGHbpwasdetemiined by express^ 

20 homionevariantsfnthenon-suppressor£coffstraln16C9.purifyingthep«i^^ 

dlsplacemenioflabeIIedwHiGHfromhGHbp(seeBtarapleVIIO. As indicated, several mulanis hind tighter to 

hGHbpthandoeswt-hGH. 
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Table VIII. 
Selection of hGH helix 1 mutants 

Variants of hGH (randondy mutated at residues FIO, Ml 4, H18, H21) expressed on phagentfd 
5 particles were selected by binding to hGHbp-beads and eluting with hGH (0.4 mM) buffer 
followed by glycine (0^2 M, pH 2) buffer (see Example Vlli). 

Glyelution 

FIO M14 H18 H21 

10 

4 Cycles 
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Consensus: 
HON 
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TaUeK 

Coreensus sequences temllwDcloctodhBOxlBwty 

5 observedfrequenwIslifaclionofaBclonessequenort 

caiculalBdonthebastsof^AI5 azeodondegenefacy. The maximal enrichment Jaclor vanes from 11 to32 
dependiM upon the nominal frequenc/ value fbragfven residue. Values of [Kd(Ala mut)A<d(wt hGH)] for single 
al^ns mutations were taken from B. C. Cunningham and J. A. Wells. SdenceiM. 1081 (1989): B. C. Cmn&|gham. 
D. J. Heraier. J. A. Wells, Sefenee 247. 1481 (1990); B. C. Cunningham and J. A. WeOs. ftoc. Waft Aad Sd. USA 
10 88, 3407 (199fl. 





Wild^ 
residue 


K(](Aia mull 
Kd{wthQH) 


Selected 
residue 


Raguf 
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nomifBl 


Eraichment 
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Table X 

BMng of purUed ICH heOx 1 mubnb to hG Up 

5 Competilion binding experiments were perfoimed using |^^l]hQH (wild-^), hGHbp (oontedning the 
extracelluiar receptor domain, residues 1 -238). and Mab^ [B. C. Cunningham. P. Jhurarri, P. Ng, J. A. WeHs, 
Science 243, 1330 (1989)];. The number P indicates the fractional occurrence of each mutant among all the clones 
sequenced alter one or more rounds of seiectioa 



10 Sequence position P Kd (nill)\f(Kd muQ Kd(wt hGH)) 
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25 

EXAMPLEX 

SELECTION OF hGH VARIANTS FROM A HELIX-4 RANDOM C ASSEHE UBR ARY CONTAINING 
PREVIOUSLY FOUND MUTATIONS BY ENRICHMENT OF HORMONE-PH AGE 

30 Design of niita!Tt proteins wWihip^^ 

Our experience virith recruiting non-bindng homologs of hGH evolutionary variants suggests that many 
incfivndual amino acM subsBtutions can be combined to yield cumulatively Improved mutants of hGH writh resp^ to 
binding a particular receptor [B. C. Cunningham, D. J. Henner, J. A. Wells. Science 247, 1461 (1990); B. C. 
Cunningham and J. A. Wells, Proa NaU. Acad ScL USA 88, 3407 (1991 ); H. B. Lowman, B. C. Cunningham, J. A. 

35 Wells, J. ffio/. Chem. 266, in press (1991)]. 

The helix 4b library was constructed in an attempt to further Improve the helix 4 double mutant 
(E174S/F176Y) selected from the helix 4a library that w found bound tighter to the hGH receptor (see 
Example VIII). With the E174S/F176Y hGH mutant as the background starting hormone, residues were mutated 
that surrounded positions 174 and 176 on the hydrophilic face of helix 4 (R167, D171 , 71 75 and 1179) . 

40 ConstrucHon of ttw heftr 4b Bbraw bv cassette mufagenesls 

Cassette mutagenesis was canied out essentially as described [J. A. Wells, M. Vasser, D. B. Powers, 
Gene 34, 315 (1985)]. The helix 4b library, which mutated residues 167, 171, 175 and 179 within the 
E174S/F176Y background, was constructed using cassette mutagenesis that fully mutated four residues at a 
time (see Example VIII) and which utilized a mutated version of phGHam-g3 into which imique BsB\ and Bglil 
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restriction sites had bew Inserted previously (Example Vlll). Into ihe BslE\-BgH\ sBes of the vector was inserted 
a cassette made from the complementary oBgonudeolides y-pG TTA CTC TAC TQC TTC NNS AAQ QAC ATG 
NNS AAG GTC AGO NNS TAC CTG C6C NNS 6TG CAG TGC A-3'and 5'-pGA TCT GCA CTG CAC SNN 
6CQ CAG GTA SNN 6CT QAC CTT SNN CAT GTC CTT SNN 6AA GCA GTA GA^'. The BstBi Site was 
5 enminatedlntheligatedcassette. liomthehe!ix4blil)rafyJ5mselect8ddonesw^ 
lacked a cassette iiseit 20% were ftame-sWfled. and 7% had a non^iM mutalioa 

ppwiH« rflieHhp ewMiment 

BIncSng enichmenis of hOH-phage from the iUxaries was carried out hGHbp tmrnohOized on 
oxitaneiwlyacrylamlde beaOs (Sigma Chemical Co.> as descAed (Example VIII). After 6 cycles of binding a 
10 reasonablyclearoonsensusdeveloped(TaUeXI). interestingly, all posilions tended to contain polar residues, 
notabfy Ser, Thr and Asn (XIQ. 
ftgjig YfitheHniulants 

The Und^ constants for some of these mutants of hGH to hOHbp viras detennined by expresdng the 
free hormone variants In the norwuppressor £ eof strain 16C9, purifying Ihe protein, and assaying by competilive 
1 5 displacement of labelled wf-hGH from hGHbp (see Example VIII). As indicaled, the binding affinities of several 
helix-4b mutants for hGHbp were fighter than that of wt-hGH Table xni). 

RacaptflwieleelM ty at hSH vartanta 

RnaBy, we have begun to analyze the binding aflii^ Of several Of the fighter hGHbp bindng mutents 

for fiielr abOity to bind to Ihe hPRLbp. The E174S/F176Y mutant binds 200-fold weaker to the hPRIi)p than 
20 hGH. The Et74T/Fl76Y/R178K and R167Nfl)171S€174SF176Y/ll79T mutants each bind >5C0*ld weaker 
tothehPRLbpflianhQK Thus. It Is possible to use ttie produce new receptor selecfive mutants ofhGH by phage 

(fispiaytecfiMlogy. 

Of the 1 2 residues mutated to ttvee hGHfhagemid libraries (Examples Vlll. IX, X). 4 show^ 
25 alttwugh notexciuslve. consewafion of the wild-lype resUues (K172. T175. F176. and R178). Not surprisingly, 
these were residues that when converted to Ala caused tt» largest disruptions (4- to 60-foId) In binding affinity 
to the hGHbp. There was a dass of 4 other residues (F10, Ml 4, Dt71 . and II 79) where Ala subsfitufions caused 
weaker effects on binding (2- to 7-fold) and these posifions exhibfted little vrild-type consensus. Rnally the other 
4 residues {H18. H21, R167, and E174), that promote bincfing to he hPRLbp but not B» hGHbp, dd not exhSit 
30 anyconsensus forthe v»ikl-^ hGH sequence by selecfion on hGHbp^3ea(fe. lnlacttworeskJues(E174and 
H21), where Ala subsfitufions enhance binding affinity to ttie hGHbp by 2- to 4-fold [B. C. Cunningham, P. 
Jhurani, P. Ng, J. A. Wells, Sconce 243. 1330 (1989); B. C. Cinningham and J. A. Weils. Science 244, 1081 
(1989): B. C. Cunrin^, D. J. Henner, J. A. Wells, Sdence TAl, 1461 (1990); B. C. Cmningham and J. A. Wells, 
Pmc NaS. Acad. Scf. USA68, 3407 (1991)]. Thus, ttw alanine-scanning mutagenesis data correlates reasonably 
35 well wlfii file llexibinty to substitute each poSfion. In (act , tt» reducfion in binding aflirfity caused by alanine 
sub8filufionsIB.C.Cunningham,P.Jhurani,P.Ng.J:A. Wells, Sc«enc8243. 1330 (1989); B. C.Cunningham and 
J. A. WeDs. Scfance244. 1081 (1989)). B. C. Cunningham, D. J. Henner. J. A. WeDs. Sdenoe 247, 1461 (1990); B. 
C. Cunningham and J. A. Wells, ftoft NaS. Acad. Scf. USA88. 3407 (1991)1 is a reasonable predictor of the 
percentege ttiat ttie wQd-type residue is found in ttie phagonid pool after 3^6 rounds of selection. The alanine- 
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scarvting information is useful for targeting side-chains that modulate txnding, and the phage selection is 
appropriate for optimizing them and defining the BexIbOity of each site (and/or comt)inations of sites) for 
sutistitufion. The combination of scanning mutational methods [B. C. Cunningham, P. Jhurani, R Ng. J. A. WeDs, 
Science 1330 (1989); B. C. Cunningham and J. A. Wells, Science 244, 1081 (1989)] and phage display is a 
5 powerful approach to designing receptor-ligand interfaces and studying molecular evolufion in vitro, 
VaiteHonsMiltMathfeenrfc^ 

In cases where corrdsined mutations In hGH have additive effects on binding affinity to receptor, 
mutations learned through hormone-phagemid enrichment to improve binding can be combined by simple cutthg 
and ligafion of restriction fragments or mutagenesis to yield cumulatively optimized mutants of hGH. 

10 On the other hand, mutations in one region of hGH which optimize receptor bindng may be stnjcturally or 

bjnctionaRy incompatible with mutations in an overlappng or another region of the molecule. In these cases, 
honnone phagemid enrichment can be canried out by one of several variations on the iteraSve enriOunent approadi : 
(1) random DMA libraries can be generated in each of two (or perhaps more) regions of the molecule by cassette 
or another mutagenesis method. Thereafter, a combined library can be created by ligation of restriction 

1 5 fragments from the two DNA libraries; (2) an hGH variant, optimized for binding by mutation in one region of the 
molecule, cai be randomly mutated in a second re^ of the molecule as in the helix-4b lixary example; (3) two or 
more random libraries can be partially selected for improved binding by hormone-phagemid enrichment; after this 
*roiQtting4rr of the optimized binding site, the still-partially^rse libraries can be recombined by ligation of 
re^on fragments to generate a s^e library, parfiafly diverse In two or more regions of the molecules, which 

20 in turn can be further selected for optimized binding using hOTnonei)hagemid enrichment 
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TableXL 

IVUanlfihi«enMsofh6H8eleciediramheax4b^n^ 
Selection of hGH hefix 4b mutants (randomly mutated at reddues 167, 171, m. i79). each containing the E174S/F176Y 
double mutant by binding to hQHbp^ieads and eluting with hGH (0.4 mUj buffer followed l>y glycine (0.2 W. pH 2) buffer. 
5 One mutant (-f) contained the spurious mutafionRITSH. 
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45 
TabteXII 



Consensus MquencesfcomaiBwIoaDdllbrBy. 
Obssived frequent is iracfion of aDckmssequenxdwIhlhebx^ The nominal frequency 

is calculated on the basis of AWS 32 codon degeneracy. The maximal avichment factor varies frem 11 to 16 to 32 
depending upon the nominal frequency value for a given residue. >^ues of [Kd(Aia mut)/Kd(wt hGH)] for single 
alanine mutalions were taken from refs. Iieiow; for position 175 m only have a value for th^ 
Cuiningham, P. Jhurani, P. Ng, J. A. WeOs, Salsnc8243, 1330 (1989); B. C. Cunningham and J. A. Wells. &xnce 244, 
1081 (1989); B. 0. Cunningham, 0. J. Henner, J. A VM&, Science 247, 1461 (1990); B. C. Cunningham and J. A. WeDs, 
Proc. Nat. Acad. Sd USAW. 3407 (1991).]. 
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BbN9i« of purfiied hGH iraitanisto hGHbp. 
Competition binding experiments were perlbrmed using [^^QhGH (wiid-type), hGHbp (contsyning the 
extracelular receptor domabi, residues 1-238). and Mab263 (11). The number P inficates the firacdonal 
occuHBnce of each mutant among all the clones sequenced after one or more rounds of seledion. Notethatthe 
helix 4b mutations (*) are in the bacl(grDund of hGH(E174S/F176Y). In the nst of helix 4b mutants,, the 
E174S/F176Y mutant (*), with wt residues at 167, 171, 175, 179, is shown in bold. 
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ZtesenUyofi^MQieaileanthBPhagenMSurface 

PlasmidpDH l88conlains the DNA encoding the Fab portion ofahunw^ 
5 thairecognizeslheHER-2 receptor. TWsplasmidiscontainediiEcolfslrainSRIOl.andhasbeendeposfled 

with ttie ATCC in RockviDe, MO. 

Briefly. IhBplasmId was prepared as foBows: the starting plasmid was pS0l32. containing the aikaOne 
phosphataseproraoterasdescfitiedabove. TheDNAenoodihghumangrowlhhonnonewasexdsedand.aftera 
series of manipulalons Id mate the ends of the plasnud compaliWe br figalion. the ONA encoding 405 was 

10 inserted. The 405 DMA contains two genes. The first gene encodes the varialte and constant regions of the light 
chain, and oontains at its 5- md Ihe ONA encodng the St II signal sequence. The second gene^o^ 
portions: first, at its 5' end is the DNA encoding the st II signal sequence. TWs is foBowed by the ONA encoding 
the vaiialjledomairi Of the heavy diainkwW* is followed t>y the ONA e^^ 
constant region. wWch In turn is Ibllowed Ijy the DNAenooding the M13 gene IIL The saHent features of this 

15 conslnjclareshowntnIHgurelO. The8equenceoftheDhWencodit)g4D5i88hownhFigire 

Both polyethylene glycol (PEQ) and electroporaSon were used to transfbrai plasrrtds into SRIOt 
{PEG competent ceDs were prepared and transfwrned according to the method of Chuig and Miller (AftKfefe 
AMs ftes. 163580 11988D. Cells that wei» competent for eledroporation were prepared, and subsecpienHy 

20 ttansfbrmedviaelectroporalion according tothe method of Zaarovsl^ 

(1990D. After placing the cete h 1 ml of ttie SOC media (described in Samlxook efal, 
for 1 hour at 37»C with shaking. At flris time, the concenirafion of the ceOs was detennlned udng Oght scattering 
atOOeoo. Aliteied KD7 phage stock was added to achieve an muliipficity of infeclion (MOl) of 100. and Ihe 
phage were allowed to adhere to Ihe ceBs for 20 miraites at rwm temperature. This mixture 

25 25mlsof2YTbroth(describedinSambrookefal,s^p^a)andincubatedwith8haWngat37«^ The 
next day. cells v»ere pelteted by cenlrilugaSon at 5000 x g forio mirajtes, the supemateni was coBected. and the 
phage particles were precipitated with 05 M NaCI and 4% PEG (final concentration) at room temperature for 10 
mnutes. Phage particles were pelleted by cenlrilugaBon at 10,000 x g for 10 minutes, resuspended in 1 ml of TEN 
(10mMTris,pH7jB. 1 mMEOTA. and 150 mMNaO). and stored at 4''C. 

30 PiBducHon of antlffMi cnatednlaies. 

Aliquols of QJ5 ml from a solution of 0.1 mgftnl of the extra-cellular domain of the HER-2 antigen (ECO) 
or a solution of 05 mg/ml of BSA (control antigen) in 0.1 M sodium bfcartwnate. pH 85 were used to coat one well 
of a Falcon 12 well fissue culture plate. Once the solution was applied to the wells, the plates were incubated at 
4»Con a rocking platfomi ovemip. The plates were then bkx*ed by removing the initial solution, applying 05 ml 

35 of blocking buffer (30 mgAnI BSA in 0.1 M socfium bicartx)nate). and incubaling at room temperature for one hour. 
Rnally. the tSocWng buffer was removed. 1 ml of buffer A (PBS. 05% BSA. and om Tween-20) was added, 
and the plates vrere stored upto 10 daysal4''C before being used for phage selection. 
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ApproximatBly 10^ phage partides were mixed with a lOO-fbM excess of K07 helper phage and 1 ml of 
buffer A . This mixtue was (fivided into two Oi ml atiquots; one of which was appfied to ECD coated wells, and 
the olher was appfied to BSA coated weiis. The plates were Inculaled at room temperature while shaking for one 

5 to three hours, and were then washed three times over a period of 30 minutes with 1 ml aliquots of buffer A. 
Etution of the phage from the plates was done at room temperature by one of two methods: 1 ) an initial ovemight 
incubation of 0i)25 mg^l purified Mu4D5 antibody (murine) followed by a 30 minute incubaSon with 0.4 ml of 
the add elution buffer (0^ M glydne, pH 2.1. 0J5% BSA, and 0.05% Tween-20), or 2) an incubafon with the add 
etution buffer alone. Eluates were th^ neutralized with 1 MTris base, and a 05 ml aSquot of TEN was ad^ 

1 0 These samples were then propagated, titered, and stored at A'^C, 
Phaye propagation 

Aliquots of eluted phage were added to 0.4 ml of 2YT broth and mixed with approximately 10^ mid-log 
phase male EcofistFainSRIOI. Phage were allowed to adhere to the ceils for 20 minutes at room temperati^ 
and then added to 5 ml of 2YT broth that contained SO M/ml of carbenidOin and 5 pg/mi of tetracycOne. These 
15 cells were grown at 37^C for 4 to 8 hours until they readied mid^og phase. The ODeoo was deterinined, andthe 
cells were siqierintected with K07 helper phage for phage production. Once phage partides were obtained, they 
were titered in order to detennine the number of colony fonning units (cfu). This was done ty taking aDquots of 
serial (fiiutions of a given phage stock, allow^ them to infect mid^og phase SRI 01 , and plating on LB plates 
containirig 50 t)gAnl carbenidlin. 

20 RIA aftlntty detfirmlnallQa 

Theaflinity of h4D5 Fab fragments and Fab phage for the ECO antigen was determined ud^ 
competitive receptor bdTKfing RIA (Burt D.R.,Recep{or&^ O'Brien. RA (Ed.), pp.3- 

29. Oekker. New Yortc [1986]). The ECD antigen was labeled with ^^-Mm using the sequential cMoramlne-T 
method (De larco, J. E ef a/, J, (M PhysioL 109:143-152 (19810 which produced a radoactive tracer with a 

25 specific activity of 14fiCi/^g and incorporation of 0.47 mdes of locfine per mole of receptor. A series of 0.2 mf 
soluttons containfrig Of ng (by EIJSA) of Fab or Fab piuge. 50 nQ of ECD tracer. 
ECD amounts (6.4 ng to 3277ng) were prepared and incubated at room temperature overrright The labeled 
ECD-Fab or ECDf ab Phage complex was separated bom the unbound labeled antigen by forming an aggregate 
complex induced by the addition of an anti-human IgG (Fitzgerald 40-GH23) and 6% PEG 8000. The complex was 

3 0 pelleted by cenfrifugation (1 5,000 x g for 20 minutes) and the amount of labeled ECD (in cpm) was determined 
by a gamma counter. The dissodation constant (Kd) was calculated by empk)ying a modified version of the 
program LtGAND (Munson. P. and Rothbard, D., AnaL Bioctmi. 107220-239 [1980]) which utirizes Scatchard 
analysis (Scatchard, A/.K Acad. Scr. 51 £60-672 [1949]). The Kd values are shown in Rgure 13. 
CompetHlvecellfalndnaassav 

35 Murine 4D5 antibody was labeled with 125-1 to a spedfic activity of 40-50 (iCi/pg using the lodogen 

procedure. Soluttons containing a constant amount of labeled antibody and increasing amounts of unlabeled variant 
Fab were prepared and added to near conlluent cultures of SK-BR-3 cells grown in 96-well microtiter dishes 
(final concentration of labeled antibody was 0.1 nM). After an ovemight incubation at 4°C, the supernatant was 
removed, the cells were washed and the ceB assodated radioacBvity was detennined In a gamma counter. K(j 
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valuesweredetenninedbyanalyzinglhedalausingamodfiedw^^ 
Rolhbard. supnli 

This deposit of plasmid pDHIBB ATCC no. 68663 was made under the provisions of the Budapest 

Treaty on the International Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure 
5 andtheRegulationsthereundertBudapeslTreatrt. This assuresmalnlenance of a viable culture for 30 years 

fromthedaleofdeposiLTheorganismsv^bemadeavaiiablelyATCCunderthete^^^^ 

Treaty.and8ut)jecttoanagreemertt)etweenGenent8ch.lnc.andATCC.^^^ 

unrestricted availaMOly of the progeriy of the cultures to the pubfic upon 

upon laying open tolhepubBcof any U.&or foreign palertappDcaIk)ri.w^^ 
10 availal)ili^oflheprogenytoonedeterminedtvtheU.S.Commissio^ 

thereto according to 35 USC §122 and the Commissioner* rules pursuant thereto (including 37 CFR §1.14 with 

particular referoice to 886 OQ 63S). 

The assignee of the presert appBcalion has agreed thai if the cultures on deposit should d^ 

ordestroyedwhencdtivated under suitable conditfens/theywilt)e prompt 
15 spedmenofthesamecullure. AvaiTabiOly of the depositBd cultures is not to be constnjed as a license to pra^^^ 
the invenfionincontiavention of theflghlsgranted under theaulhori^^ 
patent laws. 

The foregoing wnlen spedficafion fe consWered to be sufficiert to en^^ 
pracecelhelnvenlion. The present Invention is not to be Omiled in scope by the cultures deposHed.snc^ 

20 deposited embodimentsaroiriiandedassepatateinustralionsofcert^ 

that are fiinctionairy equlvalenlarewllhin the scope of tWs invenlion. The deposit of material herein does not 
constaute an admission lhatthe written description h^ 
aspeciof the invention, induding the best mode thereof, nor Is it to be construed as 1^^ 
clalmslDthespecificiDustrationsthatltrepresenls. indeed, various modifications of the Inverifion in addition to - 

25 thoseshownanddescribedhereinwiJbecoraeapparemtolhoseskilledintheartto 



30 



w*»utM» WW w™^— — - f-r 

Whfle the mvenfion has necessarily been described in conjuncBon with preferred embodiments, one of 
ordinary sWII, after reading the foregoing spedficaBon. wi« be able to effect various dianges. substitutions of 
equivalents, and alterations to the subject matter set forth herein, without departing from the spirit and scope 
thereof. Hence, the invention can be pradit»d in ways other than those spedficany described here^ Itis 
therefore intended that the protedion granted by Lettere Patent hereon be fimited only by the appended daims 
and equivalents thereof. 
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EXAMPLEXII 

SELECTION OF hGH VARIANTS FROM COMBINATIOhS OF HE11X*1 AND HELlX-4 HORMONE-PHAGE 

VARIANTS 

5 CongrtnieBQnofacMltfww 

According to additivity principles [J. A. Wells, Biochemistry 2B, 8509 (1990)], mutations in different 
parts of a protein, if Ihey are not mutually interacting, are expected to combine to produce additive changes in tfie 
free energy of binding to another molecule (changes are additive in terms of MGt)tnding> or multipDcative in 
terms of Kd » 6xp[-A6/RT] ). Thus a mutation producing a 2-fbld increase in binding affinity, when combined 
10 with a second mutatton causing a 34oki increase, would be predcte^ 
increased affinity over the starting variant 

To test whether muttiple mutations obtained from hGH-phage selections would produce cumutativety 
favorable effects on hGHbp (hGH^nding protein; the extracellular domain of the hGH receptor) binding, we 
combined mutations found in the three tightest-binding variants of hGH from the helix-1 Hbrary (Example IX: 
1 5 F10AflW14W/H18D/H21N, F10HW14GW18WH21N, and F10F/M14SW18F/H21L) with those found in the 
three tightest binding variants found in the helix-4b library (Example X: R167N/D17isn"175/I179T, 
R167Ert)171Sn"175/l179. and R167WDl71Nn'175/l179T). 

hGH-phagemId double-stranded DNA (dsDNA) from each of the one-helix variants viras isolated and 
digested with the restriction enzymes Ecofd and BstXl The large fragment from each herix-4b variant was then 
2 0 isolated and ligated with the smafl fragment from each hefix-l variant to yield the new two4ieiix variants shown in 
Table XIIL All of these variants also contained the mutations E174S/F176Y obtained in eariier hGH-phage Unding 
selections (see Example X for details). 

Although additivity principles appear to hold for a number of oombinattons of mutations, some 

25 combinations (e.g. E174S with F176Y) are dearty non-additive (see examples VIII and X). bi order to identic 
with certainty the tightest binding variant with, for example, 4 mutations in heOx-l and 4 mutations In herix-4, one 
would ideally mutate al 8 residues at once and then sort the pool for the globally tightest bindir^ variant 
However, such a pool would consist of Ux 10^2 DNA sequences (ufilizing NNSoodon degeneracy) encoding 16 x 
10^0 different polypeptides. Obtaining a random phagemid library large enough to assure representation of all 

30 variants (pertiaps lO''^ transfomiants) is not practical using current transformation technology. 

We have addressed this difHcutty first by utilizing successive rounds of mutagenesis, taking the 
tightest binding variant from one library, then mutating other residues to \utt\er improve binding (Example X). 
In a second method, we have utilized the principle of additivity to combine the best mutations from two 
independently sorted libraries to create multiple mutants with improved binding (described above). Here, we 

35 furttier searched through the possible combinations of mutations at positions 10, 14. 18,21, 167. 171. 175,and 
179 in hGH, by creating combinatorial libraries of random or partially-random mutants. We constnjcted three 
different comt»natoriat Ebraries of hGH-phagemids. using the pooled phagemids from the helix 1 library 
(independently sorted for 0, 2, or 4 cycles; Example IX) and the pool from the helix-4b library (independently 
sorted for 0, 2, or 4 cycles; Example X) and sorted the combined variant pool for hGHbp binding. Since some 

40 amount of sequence diversity exists in each of these pools, the resulting combinatorial Kbrary can exptore more 
sequence combinations than what we might constmct manually (e.g. Table XIII). 
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hGH^)hagemlddouble-slrandedDNA(dsDNA)from^^ (selected «DrO, 

2. or 4 rounds) was isolated and digested wan Bie restriction enzymes Ari and BstXI. The large fragment from 
eaftfieilK-ivaiiart pool was Itienisoiated and Ogated with tlies^^ 
yield lf»tlireecombinatotfallihrarlespH0707A{unsete^ 
5 and X). pHOTOTB (iwioe^ected heBx-l pool with lwic8^»!ected heOx^ pool), and pH0707C (4-tirae8 
selectedher«-ipoolwilh4-fimesselectedhellx-«)pooO. Duplicate Hgalions were also set upwith less DMA and 
designated as pH07O7D, pH0707E. and pH0707F. coiresponding to the 0->. and 4HDund sterling libraries 
respecthiely. AD of these variant pools also contained the mutefionsE174Sff=t76Y obtained in earto 



10 ^llffrnlnhtBa^ lfMllhrlrtes^^fhRH^^hflM 

The Igalton products pH0707A-F were processed and electnHranslbnned into XLl-Blue cells as 
described (Example VDI). Based on oolony*miing inta (CFU), the number of transldmiante obtained from each 
poolwas as follows: 2.4x106frompH0707A. lArtOBfrom pH0707B. 1£x106 from pH0707C. BxIflS from 
PH0707D. 3x105 from pHOTOTE. and 4x105 f^ pH0707F. hGH-phagemId parMes were prepared and 

15 selectedfbrhGHbp*ndingover2to7cyelesasdescribedinBampleVIIL 



in addition to sorting phagemid Bbrarfes fbr fight-tindinff protein variante, as measured by equilibrium 
binding aflinlly, it Is of Intetest to sort for variams wWch are altered in either 
(koiflofbindingtoareceptororothermolecule. From thermodynamics, these rates are reteted to the 
20 equilibriumdls8oeiationconstent.i<d-(lwifl*n).Wee^ 

sWB-Kd*toKndingwhtehavingverydifferertkon*andl^ Conversely, changes in Kd from one variant to 
anothermaybeduetoefftcteonlv,n.elIecteonkoff.orboth.Thepham«wlo^ 
bedependertonbWingafiinilyoronlto^orKoifidepentfngonthedeteiledmech^ Here.w8SougM 
toldenfflyhGHvariantswHhhigheroniBtestelnvBSligatetheefbcteofchangesinkdn. We envision that the 
25 8eleclioncoulda!ternafivelybewelghtedtowardlk,f{byincreasingft^ 
and/br concentraSon with cognate Bgand (hGH). 

From time-course analysis of wild-type hGifphagemid binding to immobilized hQHbp. it appears that, 
of the total hGH-phagemid particles that can be eluted inlhe linal pH 2 wash (see Example Vlll for the complete 
binding and elution protocol), less than 10% are bound after t minute of incubation, while greater than 90% are 

30 bound after 15 minutes of incubation. 

For -rapld^inding seiechoa' phagemid parficles from the pH0707B pool (twice-selected for helices 1 
and 4 tndepender%) were incubated with immobOized hGHbp for only 1 minute, then washed six tm^^ 
binding buffen the hGHwsh step was omitted; and the remaining hGHiihagemid particles were eluted with a 
pH2 (0.2M glycine In btnding buffer) wash. Enrichment of hGH^ihagemid partides over non-dlspteying particles 

35 irxlicated thalevenwithashortbindir« periodand nocognate^gand(hGH) challenge. hGH-phagemid binding 
selecb'on sorts tight-binding variants out of a randomized pooL 
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Assay flthmmilante 

The binding constants for some of Itiese mutants of hGH to hGHbp was detennined by expressing the 
free hormone variants in the non-suppressor £ coB strain 16C9 or 34B8, purifying the proleia and assaying tqr 
competitive displacement of labelled wt-hGH from hGHtbp (see Example VIII) In a radio-immunoprecipitation assay. 
5 In Table XIII -A below, all the variants have glutamatei74 replaced by serinei74 and phenylalaninei76 replaced by 
tyn)s^176 and F1176Y) plus the additional substitutions as indicated at hGH amino add positions 10, 
14. 18. 21. 167, 171, 175 and 179. 



10 Table xni-A 

hGH vailanis tmm addition of heOX'l and heax-4b nutaloitt 



15 



20 
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25 In Table XIV below, hGH variants were selected from combinatorial libraries by the phagemid binding 

selection process. M hGH variants in Table XIV contain two badcground mutations (E174S/F176Y). hGH- 
phagemid pools from the libraries pH07D7A (Part A), pH0707B and pH0707E (Part B), or pH0707C (Part C) 
were sorted for 2 to 7 cycles for bindng to hGHbp. The number £ indicates the fractional occurrence of each 
variant type among the set of clones sequenced from each pool 



VfO 92/09690 PCr/US91/09133 

52 

Tauexnr 
lfiHialails«nmhonn>n»fJlBQen^ 



5 wDd-type residue: 

_E. Variant 

Part A: 4cyctBs: 

0.60 H0714A.1 

ia 0.40 H0714A.4 
PaitB: 

2 cycles: 

0.13 H0712B.1 

0.13 H0712B.2 

15 0.13 H0712B.4 

0.13 H0712B.5 

0.13 H0712B.6 

0.13 H0712B.7 

0.13 H0712BJ 

20 0.13 H0712E1 

0.13 H0712E2 

0.13 H0712E3 

0.13 H0712E^ 

0.13 H0712E5 

25 0.13 H0712E6 

0.13 H0712E.7 

0.13 H0712E8 
4 cycles: 

0.17 H0714B.1 

30 0.17 H0714B.2 

0.17 H0714B.3 

0.17 H0714B.4 

0.17 H0714B.5 

0.17 H0714B.6 

35 Zgvtss: 

057 H0717B.1 

0.14 H07t7B.2 

0.14 H0717B£ 

0.14 H0717B.7 

40 050 H0717E1 
PaitC: 

Acfd^s: 

OJSr H0714C.2 



45 *=alsoconlainedtheinulationsL15R,K168R. 
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In Table XV below, hGH variants were selecled from combinatorial Obraries by the phagemkl binding 
selection process. AO hGH variants in Table XV contain two background mutations (E174S/F176Y). The number 
50 E is the fractional occurrence of a given variant among all dones sequenced after 4 cycles of rapftJ-binding 
selection. 



wo 92/09690 



PCr/US91/09133 



53 



TaUeXV 

hGH variaiiisim RAHD hGHbp binding selecflan or an hGI^^^ 
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wild-type 


residue: 
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0.14 
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20 



t a also contained the mutation Y176F (wD^^ 

In taisle XVI below, binding constants were measured by competitive dsplacement of ^^l-tabelled 
honnone H0650BD or labelled hGH (£ing tiGHbp (1-238) and either MabS or Mab263. The variant K0650BD 
appears bind more than 30-fo!d tighter than wild-type hGH. 
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hGH 
Variant 



Table XVI 

EqdlibriumblndinaconstamstfsdeciedhGH variants. 



Kd(H0650BD) 



KtKvariann 
K(l(h6H) 



EXAMPLE XIII 



Kd(plil 





hGH 


32 


■1- 


340 ^ 50 


10 


H0650BD 


-1- 


0.031 


10±3 




H0650BF 


15 


0.045 


15±5 




H07UB.6 


3.4 


0.099 


34± 19 


15 


H0712B.7 


7.4 


0.22 


74± 30 




H0712E2 


16 


0.48 


60±70 



SelBCliweenrichiiiBmoriiGHf)hiBB contabib^ a proteaseatsratesequence vasus navsubsirate phage 

25 AsdescribedmBcamplel.lheplasmidpS0l32con!ainsttieg^ 
III protein«m the insertion of an extra glydnefesidi«.Tte 
inwhich the hGH^IU fusion productisdisplayedmoncna^ 

pnjtebi comprises t^ ""^ fiRorf m Hn^artioxv termbiaj domaai of oene III via a HexUe Drter 



30 



35 



To 



to select favourable substrate 



sequences lbragivenpreteolylicenzyttie.agenelJcally engineered variam^ 
et al. Proteins: Structure, function and genelics 6240-248 (1989)). This variant (hereafter refeited to as 
A64SAL subtOisin) contain&the Ibllowing mutations: Ser24Cy8, His64Ala. 6lu156Ser, Gly169Ala and 
Tyr2l7Leu. Since this enzyme lacks the essential catalyttc residue His64. its substrate spedlicity is greatly 
restricted so that certain Wstidin^containlng substrates are prefereniiaily hyrdroiysed (Carter et at.. Science 
237:394-399 (1987)). 
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Constnidtan of a hGH^fasirate^tfiaqft vector. 

The sequence of the Dnker region in pS0132 was mutated to create a substrate sequence for A64SAL 
subHllsin, using Uie oligonucleotide 5-TTC-GGG-CCC-TTC-6CT-GCT-CAC-TAT-ACG-CXjT-CAG-TCG- 
ACT«GAC-CTG-CCT-3'. This resulted in the introduction of the protein sequence Phe-Gly-Pro-Phe-Ala-Ala- 
5 His-Tyr-Thr-Arg-Gln-Ser-Thr-Asp in the linker rsgion between hGH and the carboxy tenninal domain of gene lit, 
where the first Phe residue In the above sequence is Phe19l of hGH. The sequerice Aia-Ala-His-Tyr-Thr-Agr-GIn 
is loiown to be a good substrate for A64SAL subtilisin (Carter et al (1989), supra). The resulting pfasmid was 
designated pS0640. 

10 Selective enrlchmem of hGH^hstratfrrtiam 

Phageniid particles derived from pS0132 and pS0640 were constructed as described 
in Example I. In initial experiments, a lOpI aliquot of each phage pool v^as separately mbced with 
3(^ of oxirane beads (prepared as described in Example II) in IOOmI of buffer comprising 
20mM Tris-HCI pH 8.6 arxJ 2SM NaCL The Unding and washing steps were performed as 

1 5 described In example VII. The beads were then resuspended in 400^1 of the same buffer, with 
or without 50nM of A64SAL subtiOsin. Follomng Incubation for 10 minutes, the supematants 
were collected and the phage titres (cfu) measured. Table XVII shows that approximately 1 0 
times more substrate-containing phagemid particles (pS0640) were ekited In the presence of 
enzyme than in the absence of enzyme, or than in the case ot the non-substrate phagemids 

20 (pS0132) in the presence or absence of enzyme. Increasing the enzyme, phagenrtid or bead 
concentrations did not improve this ratio. 

tmproYemem of the selective enrichment procedure 

In an attempt to decrease the non-spedlic elution of immoblGsed phagennids, a tight- 
25 binding variant of hGH was introduced in place of the wild-type hGH gene in pSOl 32 and 
pS0640. The hGH variant used was as described in exanple XI (pH0650bd) and contains the 
mutations PhelOAla, Met14Trp, HislSAsp, His21Asn, Arg167Asn, Asp171Ser, Glu174Ser, 
Phe176Tyr and llel79Thr. This resulted in the construction of two new phagemids: pOM0390 
(containing tight-binding hGH and no substrate sequence) and pDM041 1 (containing tight- 
30 binding hGH and the substrate sequence Ala-Ala-His-Tyr-Thr-Agr-GIn). The binding washing 
and elution protocol was also changed as follows: 

(i) Binding: COSTAR 1 2-well tissue culture plates were coated for 1 6 hours with 
0.5mlAwell 2ug/ml hGHbp in sodium carbonate buffer pH 10.0. The plates were then incubated 
with iml/well of blocking buffer (phosphate buffered saline (PBS) containing 0.1%w/v bovine 
35 serum albumen) for 2 hours and washed in an assay buffer containing 1 0mM Tris-HCI pH 7.5, 
ImM EDTA and lOOmM NaCI. Phagemids were again prepared as described in Example I: the 
phage pool was diluted 1 :4 in the above assay buffer and 0.5ml of phage incubated per well for 
2 hours. 
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(ii) Washing: THe ptetes were washed thoroughly wfth PBS + 0.05% Tween 20 
and incubated for 30 minuted with 1 ml of this wash buffer. This washing step was repeated 
three times. 

(B) Eution: The plates were incubated for 1 0 minutes in an elution buffer 
5 consisung of 20mMTris-HCI pH 8.6 + lOOmM NaCI. then the phage were eluted with OSm\ of 
the above buffer with or without SOOnM of A64SAL subtiDsin. 

Table XVII shows that there was a dramatic Increase in the ratio of specifically eluted 
substrate-phagemld particles compared to the method previously described for pS0640 and 
pSOl 32. It Is Dkely that this is due to the f act that the tighl-blnding hGH mutant has a 

1 0 significantly slower off-rate for binding to hGH binding protein compared to wlld4ype hGH. 

Table XVII 

Specific eiution of substrate-phagemlds by A64SAL subtlllsin 

^ ^ colony f omilng units (cfu) were estimated by plaBng out 1 0^ of l^foldtf^^^ of phage on 
■mill iots of xLl blue cells, on IB agar plates containing SOjig/ml carberacniinl 

0 Wild-type hGH gene: binding to hGHbp-oxIrane beads 

^° phanemid t ifflnM A64SAL W SVXmS 

DS0640 (substrate) 9x106ctu/10(il 1.5x106cfu/10^l 

?^?S(Sfr^iate) 6xl05cfu/10nl 3)cl05cfu/10,xl 

25 

(B) pH0650bd nwtant hGH gene: binding ta hGHbp<»ated plates 

phanftmid +ff0nMA64SAL osLBOZHm 

PDM0411 (substrate) 1.7xto5cfu/10nl ^l^'^,]^, 

SdM0390 (non-substrate) 2x103cfurt0nl lx103cfu/10^ 

35 Exampie XIV 

Identification of preferred substrates for A64SAL subtlllsin using selective 
enrichment of a library of substrate sequences. 

40 We sought to employ the selective enrichment procedure described In Example XIII to 

identify good substrate sequences from a library of random substrate sequences. 

r ^n « itP'"«»» v e rt"''^'^'- infiftrtlon of randomised SllhSlmtft caftSfltteS 

We designed a vector suitable for introduction of randomised substrate cassettes, and 
45 subsequent expression of a Obrary of substrate sequences. The starting point was the vector 
pS0643. described in Bcample VIII. SteKfirected mutagenesis was earned out using the 
oligonudeotide5'-AGC-TGT^GC-TTC^3Q2£C^^ 

TCT-3'. which Introduces Acal (GGGCCC) and SaU (GTGGAC) restriction sites between hGH 
and Gene III. This new constnict was designated pDM0253 (The actual sequence of pDM0253 
50 is5VAGC-TGT-GGC-TrC-GGG<ia>GCX>^XX>GCG-TCG-ACT<3GC-GGT-GGC-TC^ where 
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the underlined base substitution is due to a spurious error in the mutagenic oligonucleotide). 
In addition, the tight-binding hGH variant described in example was introduced by exchanging 
a fragment from pDI^041 1 (example Xlll) The resuiUng Gbrary vector was designated 
PDM0454. 

5 

Preparation of the ilbrary cff aftfttte vector and Insertion off the mutagenic 

To introduce a fibrary cassette, pDM0454 was cfigested with Apal followed by Sail, then 
precipitated with 13% PEG SOOOi' lOmM UigCiz, washed twice In 70% ethanol and 

1 0 resuspended This efficiently precipitates the vector but leaves the small Apa-Sal fragment in 
soMion (Patthankar, K. R. and Prasad, K. S. N., Nucleic Acids Research 19:1346). The 
product was mn on a 1% agarose gel and the Apal-Sall digested vector excised, purified using 
a Bandprep kit (Phamnada) and resuspended for Pgation with the mutagente cassette. 

The cassette to be Inserted contained a DNA sequence similar to that in the linker 

1 5 region of pS0640 and pDM041 1 , but with the codons for the histidine and tyrosine residues in 
the substrate sequence replaced by randomised codons. We chose to substitute NNS 
(N^GJAfT/C; S^GJC) at each of the randomised positions as desoibed in example VIII. The 
ofigonucleotides used in the mutagenic cassettes were: 5'-C-TTC-GCT-GCT-NNS-NNS-ACC- 
CGG-CA/^ (coding strand) and 5*-T-CGA-TTG-CCG^GT^I4^N-AGC-AGC-GAA-GGG- 

20 CC-3* (non-coding strand). This cassette also destroys the Sail site, so that digestton vynth Sail 
may be used to reduce the vector background. The oligonucleotides were not 
phosphorylated before Insertion into the Apa-Sal cassette site, as it was feared that 
sut)sequent oligomerisation of a small populatton of the cassettes may lead to spurious results 
with multlpie cassette inserts. Folk)wing anneaOng and Dgatton, the reaction products were 

25 phenohchlorofomi extracted, ethanol precipitated and resuspended in water. IrdUaDy, no 

digestion with Sail to reduce the background vector was perfonned. Approximately 200ng was 
electroporated into XL-1 blue cells and a phagemid library was prepared as described in 
example Vllt. 

30 Selection off highly clea vable substrates ffrom the substrate library 

The selection procedure used was identical to that described for pDM041 1 and 
pDM0390 in example Xlll. After each round of selection, the eluted phage were propagated by 
transducing a fresh culture of XL-1 blue cells and propagating a new phagemid library as 
described for hGH-phage in example VIII. The progress of the selection procedure was 
35 monitored by measuring eluted phage titres and by sequencing individual clones after each 
round of selection. 

Table A shows the successive phage titres for elution in the presence and absence of 
enzyme after 1 , 2 and 3 rounds of selection. 
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Clearly, the laiio of specifically eluted phage: norvspecHIcally eluted phage (le phage ehJted 
wtth enzyme:phage eluted without enzyme) increases dramatically from round 1 to round s, 
suggesting that the population of good substrates Is increasing i«fth each round of selection. 
Sequencing of 10 isolates from the starting Bbrary showed them all to consist of the 

5 wild^ PDM0464 sequence. This is attributed to the fact that after dIgesBoawith Apal. the 
Sail site Is very close to the end of the DMA fragment, thus leading to low efficiency of 
digestion. Nevertheless, there are only 400 possible sequences in the Bbrary. so this 
population should sSIl be well represented. 

Tables Bl and B2 shows the sequences of isolates obtained after round 2 and round 

10 3 of selection. After 2 rounds of selection, there is clearly a high Incidence of histidine 
residues. This is exactly what is expected: as described in example XIH. A64SAL subBDsin 
requires a histidine residue In the substrate as it employs a subslrate^sisted catalytic 
mechanism. After 3 rounds of selection, each of the 1 0 clones sequenced has a hisfidlne in 
the randomised cassette. Note, however, that 2 of the sequences are of pDM04l 1 , which was 

15 not present in the starfing Bbraiy and Is therefore a contaminant. 
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Table A 



TKration of initial phage pools and eluted phage from 3 rounds of selective 

enrichment 

Colony forming units (cfu) were estimated by plating out lOpJ of 10-fold dilutions of phage on 
1 0^1 spots of XL-1 blue ceHs, on LB agar plates containing SOpg^ml caibenldllin 



Starting library: 
LIBRARY: 

PDM0411: 
(control) 

fiQLMI2 

Round 1 Gbrary: 

LIBRARY: 

pDM0411: 
(control) 

BSMm 

Round 2 Gbrary: 

UBRARY: 



pDM0411: 
(control) 



3x10^2 cfu/ml 

+500nM A64SAL 
no enzyme 

■fSOOnM A64SAL 
no enzyme 



7x10^2 ou/tri 

+500nM A64SAL 
rx> enzyme 

■frSOOnM A64SAL 
no enzyme 



7x1 0^^ du/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



4x103 cfu/10|il 
3x1 03 cfu/10^l 

2x10^ Cfu/10)il 
8x1 d3 c(u/10|iI 



3x10* cfu/IOjil 
6x1 03 cfu/10(U 

3x1 0^ cfu/10|il 
1.6x104cfu/10)il 



IxloS cfu/10|U 
<103 cfu/10|U 

5x10^ cfu/10)il 
3x10* cfu/10(U 
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Table B1 

sequences of eluted phage atter 2 rounds of selective enrichment. 

5 An protein sequences should be of the fonn AA**TRQ, where * represents a 

randomised codon. In the table below, the randomised codons and amino acids are underUned 
and in bold. 



10 



Affftrmiind2: 



Sequence 



No - of 

occurrences 



15 



20 



25 



30 



35 



A A a X T R Q . 
GCT GCT f^f* "I^G ACC CGG CAA .. 

A A a a T R Q 

GCT GCI faf^ ATO ACC CGG CAA . 

A A i a T R Q 

GCT GCT r-ipr CAC ACC CGG CAA . 

A A L a T R Q 
GCT GCT rypfi CAC ACC CGG CAA . 

A A a Z R Q 

GCT GCT AQg CGG CAA . . . 

A A 2 a T R Q 
GCT GCT GAC ACC CGG CAA 

wild-type pDM04S4 



# - spurious deletion of 1 codon within the cassette 
## - amt^uous sequence 



** 
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Table Bg 

gamiflneaa of eluteil ah agft aWer 3 rounda of aaleetlve enriehmant. 

5 All protein sequences should be of the form AA**TRQ, where * represents a 

randomised codon. In the table below, the randomised codons and amino acids are underDned 
and in boid. 

Aftflrmiinrta: 

10 

Saouence MU2f 

BRRnrranftfls 





A 


A 


A 




T 


K 


U 






IS 


... GCT 


GCT 


cue VAT ACG 


CGT 


CAG . . . 




2 




A 


A 




a 


T 


R 


Q 








... GCT 


GCT 


czc 


£^ ACC 


CGG 


CAA . . . 




2 


20 


A 


A 


fi 


a 


T 


R 


Q 








... GCT 


GCT 






ACC 


CGG 






1 




A 


A 


z 


a 


T 


R 


Q 








... GCT 


GCT 






ACC 


CGG 


CAA . . . 




1 


25 






















A 


A 


B 


a 


R 


Q 










. . . GCT 


GCT 


CLSL 


JSC 


CGG 


CAA 




1 






A 


A 


a 


a 


T 


R 


Q 






30 


... GCT 


GCT 






ACC 


CGG 


CAA 


1 


## 




A 


A 


a 


E 


R 


Q 










.. . GCT 


GCT 




.IXC 


CGG 


CAA 




1 




35 


A 


A 


a 


z 


R 


Q 










... GCT 


GCT 


CLSL 


JUS 


CGG 


CAA 




1 





# - contaminating sequence from pDM0411 

## - contains the "illegal" cx>don CAT - T should not appear in the 3rd position of a 
40 codon. 



45 
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SEQUENCE LISTING 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 

Garrard/ Lisa J. 
Henner, Dennis J. 
Bass, Steven 
Greene, Ronald 
Lowman, Henry B. 
Wells, James A. 
Matthews, David J. 

(11) TITLE OF INVENTION: Enrichment Method For Variant Proteins With 
Altered Binding Properties 

(111) NUMBER OF SEQUENCES: 27 

(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE r Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 
(C} CITTi South San Francisco 

(D) STATES California 

(E) COUNTRY: USA 
(F> ZIP: 94080 

(v> COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 5.25 Inch, 360 Kb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATIN6 SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARES patln (Genentech) 

(vl) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
<B) FILING DATE: 03-DEC-91 
(C) CLASSIFICATION: 

fvll) PRIOR APPLICATION DATAi 

(A) APPLICATION NUMBER: 07/743614 

(B) APPLICATION DATE: 09-Aug-91 

(vil) PRIOR APPLICATION DATAs 

(A) APPLICATION NUMBERS 07/715300 

(B) APPLICATION DATE: 14*June-91 

(vli> PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/683400 

(B) APPLICATION DATE: lO-Apr-91 

(vll) PRIOR APPLICATION DATA: ^^^^^^^^^ 

(A) APPLICATION NUMBER: 07/621667 

(B) APPLICATION DATEi 03-Dec-1990 

(vlll) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Benson, Robert H. 

(B) REGISTRATION NUMBER: 30,446 

(C) REFERENCE/DOCKET NUMBER: 645P4 

(Ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/266-1489 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2> INFORMATION FOR SEQ ID N0:1; 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 



wo 92/09690 



PCr/US91/09133 



63 

(C) STRAMDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



GGCAGCTGTO GCTTCTAGAG TGGCGGCGGC TCTGGT 36 



10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



A6CTGTG6CT TCGGGCCCTT AGCATTTAAT GCGGTA 36 



(2) INFORMATION FOR SEQ ID NO: 3: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



35 TTCACAAACG AAGGGCCCCT AATTAAAGCC AGA 33 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



40 



45 



CAATAATAAC GGGCTAGCCA AAAGAACTGG 30 

50 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



CACGACAGAA TTCCCGACTG GAAA 24 

65 

(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS! 
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64 

(A) LENGTHS 23 bases 

(B) TCTE: nucleic acid* 

(C) STRANDEDNESSt single 

(D) TOPOLOGY: linear 

(xi) SfiQUEKCE DESCRIPTIONt SEQ ID N0s6t 
CT6TTTCTAG AGTGAAATTG TTA 23 

(2> INFORMATION FOR SEQ ID NO? 7: 

fi) SEQXJENCE CHARACTERISTICS: 
15 (A) LENGTHS 21 bases 

(B) TYPES nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTIONS SEQ ID N0s7s 

ACATTCCTGG GTACCGTGCA G 21 

25 



30 



35 



(2) INFORMATION FOR SEQ ID NO: 8s 

(i) SEQUENCE CHARACTERISTICS S 

(A) LENGTHS 63 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGYs linear 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NOtSs 

GCTTCAGGAA 6GACATGGAC NNSGTCNNSA CANNSCTGNN SATCGTGCAG 50 
40 TGCCGCTCTG TGG 63 

(2) INFORMATION FOR SEQ ID NOs9: 

45 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 bases 

(B) TYPES nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO$9s 
AAGGTCTCCA CATACCT6AG GATC 24 

55 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTHS 33 bases 

(B) TYPES nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ATGGACAAGG TGTCGACATA CCTGCGCATC GTG 33 
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(2) INFORMATION FOR S£Q ID NO: 11: 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
(G) STRANDEDNESSs single 
(D) TOPOLOGY: linear 

10 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



OGCAGCTGTG GCTTCTA6AG TGGCGGCG6C TCTGGT 36 

15 

(2) INFORMATION FOR SEQ ID NO: 12: 

(1) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (xl) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



30 



50 



GGCAGCTGTG GATTCTA6AG TGGCGGTG6C TCTGGT 36 



(2) INFORMATION FOR SEQ ID NO: 13: 



(1) SEQUENCE CHARACTERISTICS: 
, (A) LENGTH: 12 amino acids 

35 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

40 Gly Ser Cys Gly Phe Glu Ser Gly Gly Gly Ser Gly 
1 5 10 12 

(2) INFORMATION FOR SEQ ID NO:14: 

45 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



CGGACTGGGC AGATATTCAA GCAGACC 27 

55 

(2) INFORMATION FOR SEQ ID NO; 15: 

(1) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 38 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



CTCAAGAACT ACG6GTTACC CTGACT6CTT CAGGAAGG 38 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEftUENCE DESCRIPTION: SEQ ID NO: 16: 

C6CATC6TGC AGTGCAGATC TGTGGAGGGC 30 
15 

(2) INFORKATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 66 bases 

(S) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GTTACTCTAC TGCTTTCAGG AAGGACATGG ACNNSGTCNN SACANNSCTG 50 

30 

NNSAT0GT6C AGTGCA 66 



(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

GATCTGCACT GCACGATSNN CAGSNNTGTS NN6ACSNNGT CCATGTCCTT 50 



CCTGAAGCAG TAGA 64 
50 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 bases 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

60 

GCCTTTGACA GGTACCAGGA GTTTG 25 



65 (2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 bases 



5 



10 



35 



40 
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20 



67 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY t linear 

(xi) SEQUENCE DESCRIPTIOH: SEQ ID NO: 20: 

CCAACTATAC CACTCTCGAG GTCTATTCGA TAA 33 
(2) INFORMATION FOR SEQ ID NO: 21: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 66 bases 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

TCGAGGCTCN NSGACAACGC GNNSCT6CGT GCTNNSCGTC TTNNSCA6CT 50 



25 GGCCTTTGAC ACGTAC 66 



(2) INFORMATION FOR SEQ ID NO:22: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 



40 



55 



60 



GTGTCAAAGG CCAGCTGSNN AAGAOGSNNA GCACGCA6SN NCGCGTTGTC 50 
SNNGAGCC 58 



45 (2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 bases 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

GTTACTCTAC TGCTTCNNSA AGGACATGNN SAAGGTCAGC NNSTACCTGC 50 
GCNNSGTGCA GTGCA 65 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
65 (A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



68 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GATCTGCACT GCACSNNGCG CAGGTASNNG CT6ACCTTSN NCATGTCCTT 50 
SNNGAAGCAG TAGA 64 

(2) INFORMATION FOR SEQ ID N0:2S: 

(i) SEQUENCE Cffi^CTERISTICS : 

(A) LENGTHS 2178 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOt25: 

ATGAAAAAGA ATATCGCATT TCTTCTTGCA TCTATGTTCG TTTTTTCTAT 50 
TGCTACAAAC GCGTACGCTG ATATCCAGAT GACCCAGTCC CCGAGCTCCC 100 
T6TCCGCCTC T6TGGGCGAT AGGGTCACCA TCACCTGCCG TGCCAGTCAG 150 
GAT6TGAATA CT6CTGTAGC CTGGTATCAA CAGAAACCAG GAAAAGCTCC 200 
GAAACTACTG ATTTACTCGG CATCCTTCCT CTACTCTGGA GTCCCTTCTC 250 
GCTTCTCTGG ATCCAGATCT G6GACGGATT TCACTCTGAC CATCAGCAGT 300 
CT6CAGCCG6 AAGACTTCGC AACTTATTAC TGTCAGCAAC ATTATACTAC 350 
TCCTCCCACG TTOGGACAGG GTACCAAGGT GGAGATCAAA CGAACTGTGG 400 
CTGCACCATC TGTCTTCATC TTCCC6CCAT CTGATGAGCA GTTGAAATCT 450 
G6AACTGCCT CTGTTGT6TG CCT6CTGAAT AACTTCTATC CCAGAGAGGC 500 
CAAAGTACAG TGGAAGGTGG ATAACGCCCT CCAATC6GGT AACTCCCAGG 550 
AGAGTGTCAC AGAGCAGGAC AGCAAGGACA GCACCTACAG CCTCAGCAGC 600 
ACCCTGACGC TGAGCAAAGC AGACTACGAG AAACACAAAG TCTACGCCTG 650 
C6AAGTCACC CATCAGGGCC TGAGCTCGCC CGTCACAAAG AGCTTCAACA 700 
GGGGAGAGTG TTAAGCTGAT CCTCTACGCC GGACGCATCG TGGCCCTAGT 750 
ACGCAAGTTC ACGTAAAAAG GGTATCTAGA GGTT6AGGTG ATTTTATGAA 800 
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AAAGAATATC 
CAAAC6C6TA 

5 

CAGCCAG6GG 
10 TAAAGACACC 
AATGGGTTGC 

15 

AGCGTCAAG6 
CTACCTGCAG 

20 

GTTCTAGATG 
25 GGAACCCTGG 
CCCCCTGGCA 

30 

GCTGCCTGGT 
TCAGGCGCCC 

35 

CTCAGGACTC 
40 T6GGCACCCA 
AAGGTGGACA 

45 

GCCCTTCGTT 
CTGTCAATGC 

50 

GGTGGTGGCT 
55 CGGTTCCGGT 
CAAACGCTAA 

60 

CAGTCTGACG 
TGCTATC6AT 

65 

GTGCTACTGG 



69 

GCATTTCTTC TT6CATCTAT 
CGCTGAGGTT CAGCTGGTGG 
GCTCACTCCG TTTGTCCTGT 
TATATACACT GG6TGCGTCA 
AAG6ATTTAT CCTACGAATG 
GCCGTTTCAC TATAAGCGCA 
ATGAACAGCC TGCGTGCTGA 
GGGAGGGGAC 6GCTTCTATG 
TCACCGTCTC CTCGGCCTCC 
CCCTCCTCCA AGAGCACCTC 
CAAGGACTAC TTCCCCGAAC 
TGACGAGOGG CGTGCACACC 
TACTCCCTCA GCA6CGTG6T 
GACCTACATC TGCAAOGTGA 
AGAAAGTTGA GCCCAAATCT 
TGTGAATATC AAGGCCAATC 
TGGCGGCGGC TCTGGTGGTG 
CTGAGGGTGG CGGTTCTGAG 
GGT66CTCTG GTTCCGGTGA 
TAAGGGGGCT ATGACCGAAA 
CTAAAGGCAA ACTTGATTCT 
G6TTTCATTG GTGACGTTTC 
T6ATTTTGCT GGCTCTAATT 



GTTCGTTTTT TCTATTGCTA 850 
AGTCTGGCGG TGGCCTGGTG 900 
GCAGCTTCTG GCTTCAACAT 950 
GGCCCCGGGT AAGGGCCTGG 1000 
GTTATACTAG ATATGCCGAT 1050 
GACACATCCA AAAACACAGC 1100 
GGACACTGCC GTCTATTATT 1150 
CTATGGACTA CT6GGGTCAA 1200 
ACCAAGG6CC CATCGGTCTT 1250 
TGGGGGCACA GCGGCCCTGG 1300 
CGGTGACGGT GTCGTGGAAC 1350 
TTCCCGGCTG TCCTACAGTC 1400 
GACTGTGCCC TCTAGCAGCT 1450 
ATCACAAGCC CAGCAACACC 1500 
TGTGACAAAA CTCACACAGG 1550 
GTCTGACCTG CCTCAACCTC 1600 
GTTCTGGTGG CGGCTCTGAG 1650 
GGTGGCGGCT CTGAGGGAGG 1700 
TTTTGATTAT GAAAAGATGG 1750 
ATGCCGATGA AAACGCGCTA 1800 
GTCGCTACTG ATTACGGTGC 1850 
CGGCCTTGCT AATGGTAATG 1900 
CCCAAATGGC TCAAGTCGGT 1950 
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10 



15 



30 



35 



40 



45 



50 



60 



65 



70 

GACX3GTGATA ATTCACCTTT AATGAATAAT TTCCGTCAAT ATTTACCTTC 2000 
CCTCCCTCAA TCGGTTGAAT GTCGCCCTTT TGTCTTTAGC GCTGGTAAAC 2050 
CATATGAATT TTCTATTGAT TGTGACAAAA TAAACTTATT CCGTGGTGTC 2100 
TTT600TTTC TXTTATATGT T6CCACCTTT ATGTATGTAT WTCTACGTT 2150 
TGCTAACATA CTGCGTAATA AGGAGTCT 2178 
(2) INFORMATION FOR SEQ ID NO:26t 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; ?37 amino acids 
20 (E) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

25 Met Lys Lys Asn lie Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
^ 5 10 15 

Ser He Ala Thr Asn Ala Tyr Ala Asp He Gin Met Thr Gin Ser 
20 25 30 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr He Thr 
35 40 45 

Cys Arg Ala Ser Gin Asp Val Asn Thr Ala Val Ala Trp Tyr Gin 
50 55 60 

Gin Lvs Pro Gly Lys Ala Pro Lys Leu Leu He Tyr Ser Ala Ser 
^ 65 70 75 

Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser 
80 85 90 

Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro Glu Asp 
' 95 100 105 

Phe Ala' Thr Tyr Tyr Cys Gin Gin His Tyr Thr Thr Pro Pro Thr 
110 115 120 

Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr Val Ala Ala 
125 130 135 

Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser 
140 145 150 

55 Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg 

155 160 165 



Glu Ala Lys val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly 
170 175 180 

Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr 
185 190 195 

Tvr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 
^ 200 205 210 

Lvs His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser 
215 220 225 
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Sex Pro VaX Thr Lys Ser Phe Asa Arg Gly Glu Cys 
230 235 237 

(2) IKF0RMA7I0N FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 461 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Met Lys Lys Asn lie Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
15 10 15 

Ser lie Ala Thr Asn Ala Tyr Ala Glu Val Gin Leu Val Glu Ser 
20 25 30 

Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser Cys 
35 40 45 

Ala Ala Ser Gly Phe Asn He Lys Asp Thr Tyr He His Trp Val 
50 55 60 

Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Arg He Tyr 
65 70 75 

Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val Lys Gly Arg 
80 85 90 

Phe Thr He Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu Gin 
95 100 105 

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ser 
* 110 115 120 

Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gin 
125 130 135 

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr 
155 160 165 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 
170 175 180 

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr 
185 190 195 

Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr He 
215 220 225 

Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys 
230 235 240 

Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Gly Pro Phe Val 
245 250 255 

Cys Glu Tyr Gin Gly Gin Ser Ser Asp Leu Pro Gin Pro Pro Val 
260 265 270 

Asn Ala Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Glu 
275 280 285 
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10 



15 



20 



25 



30 



Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly 
290 295 

Gly Gly Gly Ser Gly Gly Gly Ser Gly Ser Gly Asp 
305 310 

Glu Lye Met Ala Asn Ala Asn Lys Gly Ala Met Thr 
320 325 

Asp Glu Asn Ala Leu Gin Ser Asp Ala Lys Gly Lys 
335 340 

Val Ala Thr Asp Tyr Gly Ala Ala He Asp Gly Phe 
350 355 

Val Ser Gly Leu Ala Asn Gly Asn Gly Ala Thr Gly 
365 370 

Gly ser Asn Ser Gin Met Ala Gin Val Gly Asp Gly 
380 385 

Pro Leu Met Asn Asn Phe Arg Gin Tyr Leu Pro Ser 
395 400 

ser Val Glu Cys Arg Pro Phe Val The Ser Ala Gly 
410 415 

Glu Phe Ser ILe Asp Cys Asp Lys He Asn Leu Phe 
425 430 

Phe Ala Phe Leu Leu Tyr Val Ala Thr Phe Met Tyr 
440 445 



Gly Ser Glu 
300 

Phe Asp Tyr 
315 

Glu Asn Ala 
330 

Leu Asp Ser 
345 

lie Gly Asp 
360 

Asp Phe Ala 
375 

Asp Asn Ser 
390 

Leu Pro Gin 
405 

Lys Pro Tyr 
420 

Arg Gly Val 
435 

Val Phe Ser 
450 



35 



Thr Phe Ala Asn He Leu Arg Asn Lys Glu Ser 
455 460 461 
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Whal is Claimed is: 
1. A method for selecting novel binding polypeptides com^^ 

5 (a) constnjcting a replicable expression vector comprising 

a transcription regulatory element operably linked to 
a gene ftjsion encoding a bfiion protein tMhe^ 
a first gene encodng a polypeptide, and 
a second gene encoding at least a portion of a 
10 phage coat protein; 

( b) miitating the vector at one or more selected positions within the first gene thereby forming a 

family of related piasmids; 

(c) transfomting siAable host ceOs with the piasmids; 

15 

(d) infecting the transfomted host cells with a helper phage 

hav^ a gene encoding the phage coat protein; 

(e) culturhg the transfomted infected host cells mdercondWons 

20 suitable for forming recombinamphagemidpartide8 containing at least a 

the plasmid and capable of transforming the host, me conditions ac^ 
more tan a minor amoum of ph^emid particles display ritors t^ 
fi^ protein on the surface of the partide; 

25 ( f ) contacting he phagemid particles with a target molecule so that at least a portion of the 

phagemid particles bind to the target molecule; and 

( g ) separating the phagemid particles that bind from those that do not 

30 2. The method of daim 1 further comprising infecting a suitable host cells wih the phagemid particles that 
bind and repeat'ng steps (d) through (g). 

3. The method of claim 2 wherein the steps are repeated one or more times. 

35 4 . The method of daim 1 wherein the expression vector further comprises a secretory signal sequence. 



5. 



The method of daim 1 wherein the transcription regulatory element Is a promoter system selected 
from the group; lacl^phoA, tryptophan, tac, Xpu bacteriophage T7, arvi combinations 
thereof. 
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The method of daim 1 wherein ihe lirsl gene encodes a mammalian pntein. 

The method of daira 6 wherein the protein is selected from the group; 

growth homione. human growtti honnone^hGH), dB8^«Hnettlionyl human growth honnone, 
bovine growth homjone. parathyroid horau)ne.lhyrorine, insulin A<!^ 
promsulin. retoin A-chain. relaxin frchaln. prorelaxin. follicle stimulaling hormone(FSH), 
thyroid slimulaiing homwnetTSH). teutWzing horaione{lH). glycoprotein honnone receptors, 
catdtonirv gluc^n, factor VIII. an antibodyjung surfaclanl wol^ 
tissue^ plasminogen activator (t-PA), bombesin, factor IX, thromWa hemopoietic growth 
fector, tumor necrosis tector-alpha and -beta. enkephaHnase, human serum albumin, miflerian- 
inhibib'ng substance, mouse gonadotropin-assodated peptide, p-lactamase. tissue factor 
protein, inhlbih, aclivin. vascJar endothey growth factor, integrin receptors 
protein A or D. rheumatoid factors. NGF-p. platelet-growth factor, transfonning growth 
^r ; TGF-alpha and TQF-beta, insuDn-Bw growth factor-l and -II, insuIin-Bte growth 
factor bWing proteins , CD4, DNase, latenry assodaled peptide, erylhropriefin. HK2 
llgands. ostaflnducth« factors, hlerferon-alpha, -beta, and -gamma, colony sttnulating 
factors (CSI=8). fyi-CSF. ewCSF. and frCSF. hterleuWns (ILs), IL-1, IL-2. IL-3. IL-4. 
superoxide dismutase; decay acceteraling facfor. viral antigen. HIV envelope proteins GP120 
and GPt40, atrial nalrfurellc peptides A. B. or C, or imrouno globulins, and fragments of the 
above-listed proteins. 

The method of data) 7 wherein 08 protein a human protein. 

ThemelhodofdaimSwhereintheproteincomprisesmorBthanabout 100 amino add residues. 

The methodof daim 1 wherein the proteincompiisesapluralily of rigid secondary structures^ 
amino adds capable of interacting with the target, and the mutations are primarily produced 
at positions oonesponding to codons encoding the amino adds. 

The method of daim 10 wherein the rigid secondary stwctures comprise structures selected from the 
group; o-{3.6i3)her«, 3io heFix, it-(4.4i6)helix. parallel and antiiaiaOel p-pleated sheets, 
reverse turns, and non-ordered structures. 

The method of daim 1 0 wherein the mutations are produced at more than one wSon. 

The method of daim 12 wherein the mutations are produced on more than one rigid secondary structure. 



75 



PCr/US91/09133 



The method of daim 1 wherein the helper phage is selected from the ^up M13K07, M13R408, M13- 
VCS.andPhlX174. 

The method of daim 14 whereirr the helper phage is M13K07 arKl ttie coat protein is the M13 phage gene 
III coat protein. 

The method of cbdm 15 wher^ the host is £ ooiSf. 

The method of daim 16 wherein the plasmid is under light control of the transcription regulatory 
element. 

The method of daim 1 7 wherein the amount is less than about 1 %. 

The method of daim 1 8 wherein the amount Is less than 20% the amount of phagemid partides displaying 
a single copy of the fusion protein. 

The method of daim 19 wherein the amount is less than 10%. 

The method of daim 1 further comprising in step (a), inserfing a ONA triplet, enoodng an mRNA 
siwressit)le terniinator codon betwem said first gene encoding a polypeptide, and said 
second gene encoding at least a portion of a phage coat proteia 

The method of daim 21 wherein s^ mRNA suppressttile terniinator codon is selected firom the 
following: UAG(ambeO.UAA(oGher)andUGA(opel). 

The method of daim 22 wherein said suppressUe mutation resists in the detectable production of a 
ft^ton polypeptide contalr^ sadi polypeplide and said coat protein when said expression 
vector is grown in a suppressor host cdl; and, when grown in a non-suppressor host ceH said 
polypeptide is synthesized substantiaBy without fusion to said phage coat protein. 

A human growth honnone variart wherein hOH amino adds 172, 174, 176 and 178 respectively are as a 
group sequentialy selected from one of the follovwng: {1)R,S.F,R; (2)R,A,Y,R; (3)K.T,Y,K; 
(4)R.S,Y,R; (5)KAY,R; (6)R,F,F,R; (7)K,Q.Y,R; (8) R,T,Y.H; (9)Q.R,Y,R; {10)K.K,Y.K; 
(11)R.S.F,S;and(12)K,S,N,R. 

A phagemid comprising a replicabie expression vector comprising a transcriplion regulator element 
operably linked to a gene fusion encoding a fusion protein wherein the gene fusion comprises a 
first gene encoding a polypeptide, and a second gene encoding at least a portion of a phage 
coat protein, wherein a DNA trifriet codon encoding an mRNA suppressible terminator codon 
selected from UAG, UAA and UGA is inserted between the fused ends of the first and second 
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genes, or issubsOuted for anamho add encodinff triplet codon aflacentto t» gene fUston 
Junction. 

26. Tliephaoemldofdaim25whereinsaidfirslgeneencodesamammaBanprot8h^ 

5 

27. Thephag8mMofdaim26«(her8intheproleini88electedlromlhegto^^ 

growth homone (hQH), des-NHiteWonyl human grairt^ 
parathyroIdhonnone.lhyroxlne.hsiilnAH*aiai^ 
rebxin Bh*^ prorebxin, fbicte stimulafing horrnone (FSH), 1^ 

1 0 (TSH), leufirtzing hormone {Ufl, glycoprotein honnone receptors. cakSlonin, glucagon, factor 

VIII, an antajody. lung surfadant. woWnase, slreptoWnase. human tissue^ plasminogen 
acBvalor (t-PA), bomljesin, factor IX. thrombin, hemopoietic growth factor, tumor necrosis 
factor-^ ancHiefa, enkephallnase, hmian senm albunri^ md^^ 
mouse gonadotropin^ssocfated peptide, p-bclamase, tissue factor proteia InWlji^ 

15 vascufarendotheBalgrowft factor, integral receptors, thromt)opoifflin,protBfti A or D, 

rheumatoid factors. NGF-p, pfalelet-growth factor, transforming growth facton TGF-alpha 
a«I TGF4»ta, hsifd^Blce growfrl and ^r, insunnJBw grow* 
DNase. fatency assodated peptide, erythropdiefin, ostsdndudjve factors, interfaror»lpha. - 
befa. mi -gamma, colony stnnulafing factors (CSFs). fcfrCSF. GfcfrCSF, and G-CSF, 

20 interieuldns(IU).L-l,IL-2.IL-3,IL-4, superoxide dismutese;decayaccBlerafi^ 

antigen. HIVenwIope proteins GP120 and GP140. atrial natriuretic peptides A. B or C 
Immunol 



28. The|dBgemldorcfaim27whereinsaldproteinisahumanprDtejn. 

25 

29. TiBphagBirtdofcfalm28wherB&i8»prrtB!ncompifcesmorothanalx>ut1GOaminoackliBsa 

30. The phagemid of daira 25 wherein said protein comprises a plurafity of rigid secondary structures 

(fisplaying antino adds capable of interacting with the target 

30 

31. The phagemid of daim 30 wherein said ri^ secondary stnjdures comprises strvjctures selected from 

the group; o-(3.6i3)helix. 3io helix. «-(4.4i6)heiix. paraflei and anti-parallel p-pleated 
sheets, reverse turns, and non-ordered structures. 

35 32. The phagemid of daim 25 wherein the helper phage is seteded from the group M13K07,M13R408, 
M13-VCS.andPhiX174. 



33. 



The phagemid of daim 32 wherein the helper phage is M13KD7 and the coat protein is the M13 phage 
gene III coat protein. 
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The phagemid of daim 33 wherein the host is the £ co// wild type or suppressor type. 

The phagemid of daim 34 wherein the plasmid is under tight controi of the transcription regulatory 
elemenL 

The phagemid of daim 35 wherein the number of phagemid partides dsplaying more than one copy of 
the fimion protein on surface of the parlktos is less than 1%. 

The phagemid of daim 36 wherein said numtier of phagemid partides is less than about 10%. 
The phagemid of daim 37 wherein the number of phagemid partides is less than about 20%. 

A human gowlh variant wherein hGH amino adds 10, 14, 18, and 21 respectively are as agroup 
sequenfialty selected from one of the following: 
{1)HG.N,N; (2)A.W.D,N: (3)F.S.F,L; {4)Y,T,V.N and (5)!,NJ.N. 

Ahuman growth variant wherein hGH amino aSds 174 is sert^ 

1 67, 1 71 , 1 75 and 179 respecfivdy are as a group sequentially selected from one of the 
following: 

(1)N,S J.T; {2)E.SJ,I: {3)K,S,T,L; (4)f4,N.TJ; (5) R.D,U; and (6)N,S,TA 

A method for select novel Undng polypeptides comprising 

(a) constmcting a repDcaUeexpres^n vector comprise a 

transcription regulatory element operaWy linked to DMA encocfing a protein of 
interest containing one or more sObunits, wherein the DNA encoding a! least one of 
the subunits is fused to the DNA encoding at least a portion of a pha^ coat protein; 

( b ) mutating the DNA encoding the protein of interest at one or more selected positions thereby 

fonning a famiy of related vectors; 

(c) transforming suitable host cells wth the vectors; 

( d ) infecting the transfomied host cells with a helper phage having a gene encoding the phage 

coat protein; 

(e) cutturing the transfomied Infected host cells under conditions suitable for fonning 

recombinant phagemid partides confining at least a portion of the plasmid and 
capable of transforming the host, tf» conditions adjusted so that no more than a 
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minor amount of phagemid particles cfisplay more than one copy of the fusion protein 
on the surface of the partide; 

{ f ) contacting the phagemid particles with a farget molecule so that at lisast a portion of the 
5 phagemid particles bind to the target molecule; and 

(g ) separafing the phagemid particles that bind from those that do not 

42. Themethodofclaim41 whereintheexpressionvectDrfurthe a secretory signal sequence 
^ Q operat)ly linl«d to the DNA encoding each subunft of the protein of interest 

43. The method of dairo 42 wherein the protein of interest \s a mammalian protein. 

44. The method of claim 43 wherein the protein of inlOTst Is selected from the group; 

-1 5 fnsuTHi. refaxin, folBcle stimulating honnone (FSH), thyroid sSmuMng hormone fTSH), 

leu&uzing hormone (LH), glycoprotein honnone receptors, monodonsd and polyclonal 
antibodies, lung swfactant, integrin receptors, &tsuIin4ikB growth factor-l and -It and 
fragments of the above-fisted proteins. 

20 45. The method of da&n44whereinlheprote&iofinterest]sahumanizrt 

46. The method of claim 45 wherein the proteh of Merest isa humartized Fab fragment capable of binding 
totheHER*2 receptor (hunian eptdennal gowth factor receptDr*2). 

25 47 A human growth homione{hGH) variant wherein hGHamfrw^ 
and phenylalarfinei76 is replaced by tyroSnei76 and w 

occumnghGH amino adds FIO, M14. HIB, H2n R167. D171, T175 and 1179 are replaced by 
another natural amino acid. 

30 48 The hGH variant of daim 47 wherein the eight naturally occumng hQH amino adds FIO, M14, H18, H21 , 
R167, D171, T175 and 1179 respectively are as a group replaced with a corresponding amino 
add sequentially selected from one of the following groups: 



(I) Gr N, N, Sr T; 
(3) Hr Gr N, N, N, T, T; 
(5) A, D, Nr E, S, I; 
(7) Fr Sr Lr S, T, T; 
(9) F, Sr hr ^r N, T, T. 

(II) A, N, D, Ar N, T, N; 
(13) H, Qr Tr A, D.. S; 
(15) F, Sr F, Lr S, D, T, t; 
(17) Qr Y, Nr Hr S, T, T; 
(19) Fr Lr Sr S, Kr N, V; 



(2) Hr Gr Nr N, Er Sr I; 

(4) Ar Wr Dr N, Nr S, T; 

(6) Ar W, Dr Nr Nr Nr Tr T; 

(8) Fr Sr Fr Lr E, Sr T, I; 

(10) H, Gr N, Nr Nr Sr Tf N; 

(12) Fr Sr F, Gr Hr S, Tr T; 

(14) Hr Gr Nr Nr Nr Ar Tr T; 

(16) A, Sr Tr Nr ^r ^r Tr I; 

(18) W, Gr Sr S, Rr I>f Tr I; 

(20) W, Nr Nr Sr Hr Sr T. T; 
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A. 


K. 


A< 




f 


s. 


T, 


T; 


(22) 


P, 


s. 


Or 


N, 


R» 




T, 


I; 


(23) 


H, 


G, 




N, 


N, 


H, 


T, 


S; 


(24) 


F, 


s. 


T, 


G, 


R» 






I; 


(25) 


M, 




s. 


N, 


Qf 


Sr 


T, 


T; . 


(26) 


F, 


s. 


F, 


L, 


T, 


s. 


T, 


S; 


(27) 


A, 


w. 


D, 


N, 


R, 


D, 


T, 


1; 


(28) 


A, 


w. 


Df 


N, 


H, 


s. 




N; 


(29) 


M, 


Qr 


M, 


H, 


N, 


s. 


T, 


T; 


(30) 


H, 




Df 


H, 


Rf 


D> 


T, 


T;. 


(31) 


L, 


N, 


s. 


H, 


Rr 


D, 


T, 


I; 


(32) 


L, 


N, 


s. 


H, 


T, 


s. 


T, 


T; 


(33) 


A, 


w. 


D, 


N, 


N, 


A, 


T, 


T; 


(34) 


F, 


s. 


Tf 


G, 


R, 






I; 


(35) 


A, 


w. 


D, 


N, 


Rf 


D, 


T, 


1; 


(36) 


If 




B, 


H, 


N, 


s. 


T, 


T; 


(37) 


F, 


s. 


L, 


A, 


N, 


s. 


T, 


V; 


(38) 


F, 


s. 


F, 


L» 


K, 


D, 


T, 


T; 


(39) 


M, 


A, 


D, 


K, 


N, 


s, 


T, 


T; 


(40) 


A, 


w. 


D, 


Nr 


s. 


s. 


V, 


T; 


(41) 


H, 


Qr 




s. 


R, 




T, 


I. 





















49. The melhc)d Of Claim 48 where^ said human gi^ 

by argNneis and lysindies replaced by arginineiea- 

15 

50. The method of daim 48 wherein said human growth homtone variant (40) further contains phenylalaninei76 

51. A mettod for selecting novett)inding polypeptides comprisi^^ 

20 (a) constructing a replicable expression vector comprising 

a transoiption regulatory element operably linked to 

a gene fusion encocfing a ftjsion protein wherebi the gene fusion ^ 

a first gene enoodng a polypepfide operatjie connedted to a Inking an^ 

actdsequerxse, wA 

25 a second gene encoding at least a portion of a 

phage coat prote&i; 



{ b ) mutating the vector at one or more selected positions wittdn the amino add Bnking sequence of 
the first gene thereby fomiing a ^iy of related plasmicfe; 

30 

(c) transforming suitable host ceQs with the plasmids; 



( d ) infecting the transformed host ceDs virith a helper phage 

having a gene encoding the phage coat protein; 

35 

(e) culturing the transformed infected host cells under conditions 

suitable for forming recombinant phagemid partides containing at least a portion of 
the plasmid and capable of transfonning the host, the conditions adjusted so that no 
more than a minor amount of phagemid partid^ display more than one copy of the 
40 fusion protein on the surface of the partide; 

( f ) contacting the phagemid particles with a tar^t molecule so that at least a portion of the 

phagemid partides bind to the tar^t molecule; and 
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(g) oontading the bound phagemid partJdes with a protease capable of hydrolyang the BnMng a 
aminio aa'd sequence of at least a portion of the bound phagmid particles, and 

(h) Isolafing the hydretyzed phagmid pait'des. 

Hie method of daim 51 lurtfier comprising Inlecfing suitabfe host ceOs with the hydrolyzed phagemid 
paib'cles and repealing steps (d) ihrou^ (h). 
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M13gene lil (198-410)1 — 




Amp |phQH-M13glll 



322 ori 



f1 orl 



E.coli(JM101) 



Add M13K07 helper phage 




Phagem'id particles 



Binding enrichment 



Enriched pool 



FIG. I 



eimcTifiiTc: rhppT 
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FIG. 2 



IfeUBSTITSlYe: s^mcc's 
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PH0415 Template: KpnK hGH (R178G. I179T) 



Kpnl digestion 
Phagemid propagation 



Library 2 : 



Bead binding selection 
Phagemid propagation 



I 



Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Kpnl digestion 
Phagemid propagation 



f Library 2G J 
f Library 2(?J 
Library 2G^J 



Bead binding selection 
Phagemid propagation 



K Library 4 '/A 

3; 

(Library 40*^ J 
4 clones sequenced 



FIG. 3 



I 



Site-directed mutagenesis 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



f Library 10 J 



Bead binding selection 
Phagemid propagation 



Library 10 



Kpnl digestion 
Phagemid propagation 



r 'Library 3 
f Library 3gM 



Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



r Library 30^^ J 



Bead binding selection 
Phagemid propagation 



Library 3G 



Kpnl digestion 
Phagemid propagation 



Library 5 i 

I Library 5G J 

4 clones sequenced 



Bead binding selection 
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